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You can prevent attacks in angina pectoris 


Peritrate prophylaxis effective in 4 out of 
every 5. Humphreys et al. noted that Peritrate 
reduced the number of attacks in 78.4 per cent of 
patients and “. . . patients with the greatest num- 
ber of attacks showed the greatest reduction.” 
Complementing this finding, Russek and co- 
workers observed that their results in angina 
pectoris patients receiving Peritrate were 
“,..comparable to those obtained with glyceryl 
trinitrate, but the duration of action was con- 
siderably more prolonged.”” 


Freedom from attacks with significant 
ECG improvement. Freedom from attacks 
during Peritrate prophylaxis in verified angina 
pectoris is usually accompanied by significant 
ECG improvement. Peritrate has been effective 


in preventing S-T segment shifts occurring after 
exercise in Many angina pectoris patients.! 
Simple regimen helps patient “keep up 
with the crowd.” Peritrate, a long-lasting coro- 
nary vasodilator, will reduce the nitroglycerin 
need in most angina pectoris patients.* A con- 
tinuing schedule of one or two tablets 4 times 
daily will usually 

1. reduce the number of attacks 

2. reduce the severity of attacks which can- 

not be prevented. 

Available in 10 mg. tablets in bottles of 100, 500 
and 5000. 
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Makes catheterization second choice for urinary retention 


URECHOLINE. 
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(BETHANECHOL CHLORIDE, MERCK 


URECHOLINE has proved highly effective for the prevention and 
control of postoperative and postpartum urinary retention. The 
majority of patients may be managed without recourse to catheteriza- 

tion. It also is useful in the treatment of chronic or functional retention 

due to muscular atony without obstruction. The effects of URECHOLINE 

are promptly reversible by atropine. 
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VERALBA marks a milestone in the treatment of hypertension, for it is the only veratrum 
alkaloid ever standardized completely by chemical assay. § This means unvarying potency, 
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is induced without ganglionic or adrenergic blockade... without direct smooth muscle de- 
pression... without deranging those mechanisms which control blood distribution and which 
normally prevent postural hypotension. § Here is a notably safe, efficient approach to the 
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Control of Gastric Motility and Spasticity 
in Peptic Ulcer with Banthine® 


“The need! for suppressing gastric 
motility and spastic states is... 
fundamental in peptic ulcer ther- 
apy. Since the cholinergic nerves 
are motor and secretory to the 
stomach and motor to the intes- 
tines, agents capable of blocking 
cholinergic nerve stimulation are 
frequently used to lessen motor 
activity and hypermotility.”: 


Banthine? “thas dual effectiveness; it 
inhibits acetylcholine liberated at 
the postganglionic paras ympa- 
thetic nerve endings and it blocks 
acetylcholine transmission 
through autonomic ganglia.”* 


It has been shown! to diminish gastric 
motility and secretion significantly as 
well as intestinal and colonic motility. 


The usual schedule of administration 
in peptic ulcer is 50 to 100 mg. every 
six hours, day and night, with subse- 
quent adjustment to the patient’s needs 
and tolerance. After the ulcer is healed, 
maintenance therapy, approximately 
half of the therapeutic dosage, should 
be continued for reasonable assurance 
of nonrecurrence. 

Banthine® (brand of methantheline 
bromide) is supplied in: Banthine am- 
puls, 50 mg.—Banthine tablets, 50 mg. 
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Pharmacy and Chemistry of the Amer- 
ican Medical Association. 
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CLINICAL USEFULNESS OF DETERMINATION OF CIRCULATING 
17-HYDROXYCORTICOSTEROID LEVELS 


GERALD T. PERKOFF, M.D. 
AVERY A. SANDBERG, M.D. 


DON H. NELSON, M.D. 
AND 


FRANK H. TYLER, M.D. 
SALT LAKE CITY 


HE NUMEROUS clinical and laboratory techniques that have been devised 

to study the functional activity of the various endocrine glands give ample 
testimony to the difficulty of critically evaluating endocrine function. For the esti- 
mation of the adequacy of adrenal function various metabolic processes related to 
effects of adrenal steroids may be studied. Some of these are the ability to excrete 
a water load, determinations of serum electrolytes, and observation of the blood 
sugar during fasting. Urinary 17-ketosteroids are in part derived from adrenal 
secretions but show a relatively poor correlation with adrenal function.’ Techniques 
are also available for the measurement of the urinary excretory products of the 
17,21-dihydroxy-20-ketone steroids, but problems related to the relative propor- 


tions degraded and excreted unchanged present themselves in the evaluation of 
such data.' Salt deprivation and insulin tolerance tests lack specificity and are 
laborious and potentially dangerous. The eosinophile response to adrenocortico- 
tropin (ACTH) has been extremely useful as a measure of adrenal function, but 
its usefulness is limited by the natural lability of eosinophile levels. Repeated tests, 
however, particularly after the intravenous administration of corticotropin, will 


establish the diagnosis of adrenal insufficiency. 

Techniques which measure metabolic functions may be nonspecific because of 
other factors which also modify the function being studied.? Such metabolic tech- 
niques lack the specificity which, theoretically at least, should attend the direct 
measurement of the amount of hormone circulating in the blood. The recent 
development of a chemical method for the determination of 17-hydroxycorticos- 
teroids has provided a more specific technique for the measurement of circulating 
adrenal hormone. Although it is recognized that all 17,21-dihydroxy-20-ketone 
steroids (cortisone, hydrocortisone, and Kendall’s Compound S and their hydro- 
genated derivatives among the adrenal steroids) are measured by this technique, 
studies in our laboratories have demonstrated that hydrocortisone makes up the 
ances 

Dr. Nelson's present address is Naval Medical Center, Bethesda, Md. 

From the Departments of Medicine and Biochemistry and the Laboratory for the Study of 
Hereditary and Metabolic Disorders, University of Utah. 

Dr. Perkoff is Research Fellow in Medicine, University of Utah, and Senior Assistant 
Surgeon, National Institutes of Arthritis and Metabolic Diseases, National Institutes of Health, 
Department of Health, Education, and Welfare, Bethesda, Md. 
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greater proportion of the adrenal hormones in human plasma. The determination 
of plasma 17-hydroxycorticosteroids has been found to be valuable both in clini- 
cal diagnosis and in investigative work. 

The purpose of this paper is to present the results obtained with this method 
in several endocrine disorders and to compare these with the data observed in a 
variety of clinicai conditions. 

MATERIAL 

Fifty-six patients with 12 different endocrine disorders have been studied. For purposes of 
comparison, the plasma 17-hydroxycorticosteroid levels in 91 patients with 28 miscellaneous 
clinical disorders are presented. In addition, 12 patients with various diseases have been studied 
in the terminal state. 

METHODS 

17-Hydroxycorticosteroids were determined by a modification of the method 
of Nelson and Samuels.* Early in the study all specimens were analyzed and 
expressed as micrograms per 100 ml. whole blood. When this technique was applied 
to red cells and to plasma separated promptly after being withdrawn, none of the 
steroid material was detected in the red cells. All subsequent determinations there- 
fore were made on heparinized plasma. In this paper early samples have been cor- 
rected for volume of packed red cells so that all values are expressed as micrograms 
per 100 ml. of plasma. The normal values obtained with this method have been 
reported elsewhere.’ In that series, 267 examinations of 120 normal persons of 
both sexes yielded a mean normal level of 13 + 6 y/100 ml. of plasma. A diurnal 
variation in plasma 17-hydroxycorticosteroid content was observed. When samples 
were obtained throughout a 24-hour period, a decrease in the steroid level was regu- 


larly observed during the day. The values in the early morning postabsorptive state 
were found to be the highest. No instances of a rising steroid level during the day 
were observed. For this reason, unless otherwise indicated, all samples reported 
in this paper were drawn between 8 a.m. and 9 a.m., with the subject in the post- 
absorptive state. 


RESULTS 

1. Miscellaneous Disorders—Table 1 summarizes the results in 91 patients with 
38 different nonendocrine diseases. This group includes both acutely and chroni- 
cally ill patients with varying degrees of disability. None, however, were in any 
immediate danger of death. The range and mean value for the plasma 17-hydroxy- 
corticosteroids does not differ significantly from that of the normal group reported 
by Bliss and co-workers.*® 

In contrast with these results, Table 2 shows the data obtained on 12 dying 
patients. Some of these data have been reported previously.® In all but one of these 
patients the 17-hydroxycorticosteroid content of the plasma was markedly increased, 
to levels similar to those we have observed in patients with Cushing’s syndrome. 
Thus it appears that, while changes did not occur in the 17-hydroxycorticosteroid 
levels in miscellaneous clinical disorders, impending death was regularly associated 
with high levels of circulating steroids. 

Certain other “life threatening” situations, notably severe acute illness requiring 
immediate treatment to prevent death and major surgical procedures, have also been 
found to cause elevation of the plasma corticosteroid level.’ One example of this 
phenomenon is seen in Table 3. In this patient, a 24-year-old woman in severe 
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Tas_E 1.—Blood 17-Hydroxycorticosteroids in Various Nonendocrine Disorders 








Determi- Range, 
Patients, nations, /100 Ml. 
Classification Diagnosis No. No. Plasma Group Av. 
Cardiac disease Congestive heart failure 15-25 
Subacute bacterial endocarditis 8 
Cerebral vascular accidents 6-24 
Myocardial infarction 8-10 


a 


tw pe 


Gallbladder and Cirrhosis of the liver 6-18 
hepatic disease Infectious hepatitis 


Cholecystitis and cholelithiasis............... 


“Collagen”’ disease DEUS TRPRIRRE TIGER n hcicciccccssvcccocccoscs 
Rheumatoid arthritis . 
Lupus erythematosus . 
PORPATUTIUIN MOGOOD ovicssesccssicccncecescss 
Rheumatoid spondylitis .. 


— e Oo OS to orn 


Diseases of muscle Myotonia dystrophica 
Childhood progressive muscular dystrophy.. 


“> 


Pulmonary disease Pneumonia 
Pulmonary tuberculosis 
Chronic pulmonary fibrosis 


Hoke KF SO He RD OHO wwe a 
_ 


“Or 


Hematologic dis- Myelocytic leukemia .... 
orders Myelofibrosis 

Hodgkin’s disease .. 
Idio. thrombopenic purpura.. 
Acute leukemia ............. bebe vatawcsegentas 
Aplastic anemia 
Chronic lymphatic leukemia.. 
Pernicious anemia 


ot = m PS 0 


Om Om & PO & O09 
oa 


ty 
— 


Neoplasm Abdominal sarcoma 
Carcinoma of the breast 
Carcinoma of the kidney 
Brain tumor ..... Mimi i hae vewenndcbnecnvabe 


L lll seal eee od 
te 


Miscellaneous Acute glomerulonephritis ..............eeee0 
conditions Cellulitis of the leg 
Exogenous obesity 
Chronic alcoholism 
Peptic ulcer 
Renal calculus 
Recurrent pancreatitis ......cccccccccccccsese 
Paraplegia 
Tabes dorsalis 


© 
er ere er 
et et ee 


§ | 


Totals 





TaB_eE 2.—Plasma 17-Hydroxycorticosteroids in the Preterminal State 








17-Hydroxy- 
Time Before corticosteroid, 
Patient Diagnosis Death, Hr. ‘y/100 Ml. Plasma 
Myocardial infarction ............06- Guabamicedes see 74 
Disseminated tuberculosis one 44 
Prog. muscular dystrophy, childhood type. de 60 
Cirrhosis of liver 65 
Myocardial infarction 45 
Mroenrdial MATCUOD .ccccccsccccsccsvscces hed eeiees 45 
Pulmonary tuberculosis 37 
Cerebral vascular disease Se 50 
Carbon monoxide poisoning as 39 
Myocardial! infarction, diabetic ketosis iia 58 
Myotonia dystrophica 40 
Bronchiectasis 5 28 
Average 49+ 12 


_ 
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diabetic coma, there was marked elevation of the plasma 17-hydroxycorticosteroids. 
A progressive decline in level occurred with therapy, and one week later the level 
was normal. Although only preliminary data are available at the present time, the 
evidence from this and other patients suggests that this striking increase in cortical 
steroids in diabetic coma may bear an etiologic relationship to the insulin resistance 
which is so common in this disorder. 

2. Endocrine Disorders——Although the foregoing data are of great interest 
from a theoretical standpoint, they serve mainly to provide a contrast to the clini- 


Tas_e 3.—Data for Patient C. P., a 24-Year-Old Woman with Diabetic Coma 


Time After COz Combining Plasma 17-OH Total Units 
Initial Blood Sugar, Power, Corticosteroids, of Insulin 
Treatment Mg./100 MI. mOsm./L. 7/100 M1. Administered 
§22 0.7 51 0 
eee eee 49 180 
310 4.0 42 270 
a na 48 iss 
400 9.5 37 580 

34 410 
3 


TasLte 4.—Plasma 17-Hydroxycorticosteroids in Various Endocrine Disorders Before Therapy 


Determi- Range, Average, 
, Patients, nations, y/100 MI. 7/100 M1. 
Classification Diagnosis . No. Plasma Plasma 


Adrenal Addison's disease 14 0 
disease Partial adrenal insufficiency.......... é ‘ 2- 11 


Cushing’s syndrome with adrenal 
earcinoma y 3-108 64 


Cushing’s syndrome without adrenal 
tumor 


Congenital adrenal hyperplasia 
Thyroid Thyrotoxicosis 
disease Myxedema 
Pituitary Panhypopituitarism 
disease Acromegaly 


Diabetes insipidus 


Gonadal Male pseudohermaphroditism 
disease 


“Pancreatic” Diabetes mellitus 
disease Diabetic coma 


Totals 





* See Table 3. 


cally useful information obtained from the patients with endocrine disease. This 
information, seen in Table 4, has made possible the use of this technique in endo- 
crinologic diagnosis. As was expected, the majority of the abnormal values were 
found in patients with hypoadrenocorticism and hyperadrenocorticism. 

A. Addison’s Disease: In patients with clinically typical Addison’s disease no 
plasma 17-hydroxycorticosteroids were measurable. Fourteen determinations on 
plasma from seven patients are shown in Table 4. The intravenous administration 
of corticotropin to these patients did not result in the appearance of 17-hydroxy- 
corticosteroids in their plasma. The following case history is representative of the 
findings in this condition. 
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C. N., a 32-year-old man, first noted fatigue and weakness in March 1948. In September 
1948 increasing pigmentation began, and one month before admission, in April 1949, unexplained 
nausea and vomiting occurred. The blood pressure was 100/60. There was diffuse tanning, 
with hyperpigmentation of the palmar creases and friction areas, and numerous black freckles 
were noted. The skin was dry, and a pigmented right lower quadrant scar was seen. Chest 
x-ray revealed normal lungs, and the heart was small. Failure of diuresis after a water load 
was demonstrated. Therapy with salt and desoxycorticosterone acetate resulted in marked 
improvement in all signs and symptoms. Repeated determination of the plasma 17-hydroxycorti- 
costeroids before therapy with cortisone showed no detectable steroid. Desoxycorticosterone 
acetate (DOCA) pellets have been implanted several times. The patient is now well maintained 


on this therapy plus orally administered cortisone. 


B. Partial Adrenal Insufficiency : In addition to these patients with typical Addi- 
son’s disease, measurement of the plasma 17-hydroxycorticosteroids has permitted 
the recognition of three cases of partial adrenal insufficiency. The plasma steroid 
levels in these patients were within the normal range, but the administration of 
corticotropin by intravenous infusion failed to produce a rise in the steroid levels 
as it does when adrenal function is normal.* Two of these patients, who have been 
described elsewhere,* had adrenal insufficiency clinically but required only minimal 
therapy with salt and small doses of desoxycorticosterone acetate to maintain health, 


except during times of acute stress. The third had pulmonary tuberculosis, and 


coincident with progression of his tuberculosis the plasma 17-hydroxycorticosteroids 
fell to zero and active therapy with desoxycorticosterone acetate and cortisone was 
necessary to prevent adrenal crisis. The history of this patient is presented below. 


D. R., a 53-year-old man, in March 1951, noted increasing weakness, anorexia, cough, and 
purulent sputum. In October 1951 episodes of vomiting after coughing began and weight loss 
was noted. On admission, in December 1951, he had lost 50 Ib. (22.5 kg.), and there was diffuse 
tanning of the skin. The blood pressure was 85/50. A recent scar over the right knee was 
darkly pigmented. The volume of packed red blood cells was 33%; the white blood cell count 
and differential cell count were normal. The eosinophile count was 131 per cubic millimeter. 
Serum sodium was 133 mEq. and serum potassium 5.2 mEq. per liter. Chest x-ray revealed 
bilateral apical tuberculosis. There was failure of diuresis after a water load, and the urinary 
17-ketosteroids were 0.0 mg. per 24 hours. Plasma 17-hydroxycorticosteroids were 5 y per 100 
ml. and rose to 11 ¥ per 100 ml. after intravenous infusion of 25 I. U. of corticotropin in six 
hours. This is in marked contrast to the usual rise, to about 40 y per 100 ml., observed in 
normal subjects given corticotropin in this fashion.* Two weeks later no plasma 17-hydroxy- 
corticosteroids were detected before or after corticotropin administration. This patient’s adrenal 
insufficiency symptoms responded well to salt, desoxycorticosterone, and cortisone, but he died 
in March 1952, of tuberculosis and acute infectious hepatitis. Autopsy showed hepatitis, 
pulmonary tuberculosis, and advanced fibrocaseous tuberculosis of both adrenal glands, with 
small islands of surviving adrenal cortex cells. The results of the initial steroid determinations 
suggest that this patient had minimal adrenal function when he first was seen and that his 
adrenal cortices were subsequently more completely destroyed by tuberculosis, with the result 
that ultimately no plasma 17-hydroxycorticosteroid levels could be demonstrated. 


C. Cushing’s Syndrome: Fifteen determinations on four patients with Cushing's 
syndrome are represented in Table 4+. Although occasional values in the high normal 
range (27 to 34 y per 100 ml.) were observed, all patients showed significantly ele- 
vated levels in most samples. In the normal series no person was observed with 
consistent values above 25 y per 100 ml. In the two patients with adrenal carcinoma 
the values in general were higher than in the two without adrenal tumors. Certain 


details from two of these cases are presented below. 
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V. R., a 38-year-old man, was first seen in 1945 on the surgical service for repair of an 
inguinal hernia. No abnormalities were noted at that time. In June 1951, because of a history 
of chronic alcoholism and findings of edema, hepatomegaly, and ascites, the diagnosis of 
Laennec’s cirrhosis was made. A persistent leucocytosis was not explained. In December 1951 
the patient was readmitted with a history of progressive weakness, weight gain, edema, severe 
back pain, and easy bruising. Physical examination showed hypertension, plethora, acne, a 
cervicodorsal fat pad, a protuberant abdomen, purple inguinal striae, and edema. The patient 
was now diabetic, and x-ray examination revealed severe osteoporosis. The white blood cell 
count was 21,000 per cubic millimeter, and no eosinophiles were found on smear or direct counts. 
Plasma 17-hydroxycorticosteroids were 61 and 71 vy per 100 ml. on two occasions, and the 
urinary 17-ketosteroids were 57 mg. per 24 hours. The diagnosis of Cushing’s syndrome was 
made. Surgical exploration revealed bilateral carcinoma of the adrenal glands, with widespread 
metastases. Repeated determinations of the plasma steroids showed continued elevation to a 
peak of 103 y per 100 ml. Death occurred in February, 1952, and autopsy confirmed the clinical 
impressions, with the exception that cirrhosis of the liver was not found. 

S. L., a 40-year-old woman, whose case has been reported in detail elsewhere,® presented a 
seven-year history of hypertension, amenorrhea, obesity, hirsutism, easy fatigability, and easy 
bruising. Physical examination showed hypertension, a round plethoric facies, marked “buffalo 
type” obesity, hirsutism, and edema. The white blood cell count was 12,000 per cubic millimeter, 
and the eosinophile count was 8 per cubic millimeter. A glucose-tolerance test was diabetic in 
character. X-rays revealed moderate generalized osteoporosis. The plasma 17-hydroxycorti- 
costeroids were 42 and 30 vy per 100 ml., and the urinary 17-ketosteroids were 21 mg. per 24 
hours. At surgical exploration bilateral adrenal hyperplasia was demonstrated, and a left 
subtotal adrenalectomy was performed. Following this procedure, there was complete clinical 
remission and the plasma steroids fell promptly to 13 y per 100 ml. In the ensuing three months, 
in association with relapse of all symptoms and signs, the plasma steroid rose to 30 Y per 100 
ml. A right total adrenalectomy was performed. Numerous postoperative complications have 
prevented the discontinuation of cortisone therapy, but the patient is well one year after 
operation, with remission of all signs and symptoms. Following the second operation the plasma 
steroids fell to 5 y per 100 ml. One month after surgery corticotropin administration resulted 
in a rise in the steroid level to 25 y per 100 ml. Ten months after surgery, while the patient 
was still receiving cortisone, corticotropin caused no rise in the plasma steroids. 


D. Congenital Adrenal Hyperplasia: The 17-hydroxycorticosteroid levels in 
four patients with congenital adrenal hyperplasia averaged lower than normal, but 
the difference is not significant statistically in this small series. 

E. Nonadrenal Endocrine Disorders: With three exceptions, the results of the 
determinations in patients with nonadrenal endocrine diseases were similar to those 
of the normal group. The patient with diabetic coma has already been described. 
In addition, in one patient with myxedema and in one patient with panhypopitui- 
tarism there was no detectable plasma 17-hydroxycorticosteroid on single deter- 
minations. These isolated observations probably reflect impaired adrenal function. 
As was demonstrated in these persons, such patients may be distinguished from 
those with primary adrenal insufficiency by intravenous infusion of corticotropin, 
which regularly produces a substantial rise in the plasma steroid level. 


COMMENT 


The observation that by a chemical technique for the measurement of 17-hydroxy- 
corticosteroids in plasma elevated levels in Cushing’s syndrome can be demonstrated, 
while there is no detectable steroid in most patients with adrenal insufficiency, both 
confirms the specificity of the method and represents a real advance in the differ- 
ential diagnosis of adrenal disease. As with other laboratory procedures, single 
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determinations with this method may give equivocal results. Repeated abnormal 
values or abnormal response of the plasma 17-hydroxycorticosteroids to intravenous 
corticotropin has always been associated with clinical confirmation of adrenal dis- 
ease. The observation that no detectable 17-hydroxycorticosteroid may be found 
in the plasma in certain patients with panhypopituitarism is in keeping with the 
reduced adrenal function which is part of this disease. That one of our patients with 
primary myxedema had, on a single determination, no demonstrable plasma 17- 
hydroxycorticosteroids is more difficult to interpret. It is known, however, that 
the urinary 17-ketosteroids may be low in myxedema," and our patient may repre- 
sent an instance of diminished adrenal function associated with this disease. The 
fact that in the other patients with myxedema the values were normal throws some 
doubt on this interpretation, and the possibility of technical error cannot be excluded 
in this case. 

The limitations of this procedure in clinical diagnosis are several. In contrast 
to other widely used clinical laboratory methods, this determination is made by a 
complex chromatographic procedure that is not likely to find general application in 
hospital laboratories. The amounts of material being measured are extremely small 
(0.2 to 6 y of hydrocortisone), and considerable technical care is required. An 
example of this is that although the highest value found in a normal person has 
been 34 y of 17-hydroxycorticosteroids per 100 ml. of plasma, no value over 20 y 
has been obtained in a normal basal patient in our laboratory during the last eight 
months. Thus, as more experience is gained, the range of normal may eventually 
be established as being considerably narrower than it is now. 

In addition to the technical difficulties involved, the elevated values found in 
preterminal patients demonstrate that situations other than Cushing’s syndrome 
may be associated with increased levels of 17-hydroxycorticosteroids in plasma. 
However, the differential diagnosis in such patients has been simple. 

Finally, values obtained in patients receiving cortisone or hydrocortisone cannot 
be considered to give any index of adrenal function. This technique measures 
exogenous as well as endogenous steroids of the 17,21-dihydroxy-20-ketone type.*® 

In addition to its usefulness in the diagnosis of adrenal hyperfunction and hypo- 
function it can be used to follow the progress of the disease. The measurement of 
plasma 17-hydroxycorticosteroids also can be used to follow patients under therapy 
for Cushing’s syndrome. As illustrated in the case of S. L., the plasma 17-hydroxy- 
corticosteroid level provides a sensitive indication of the progress of therapy. 
Although the same can be said with respect to Addison’s disease, such elaborate 
techniques are not usually necessary in the follow-up of patients with this disease. 


SUMMARY 


The plasma 17-hydroxycorticosteroids have been determined in patients with 
various endocrine and nonendocrine diseases. 

The results of these determinations are summarized. 

Persistent elevation of these steroids in plasma is characteristic of Cushing’s 


syndrome. 
Persistent failure to demonstrate plasma 17-hydroxycorticosteroids indicates the 


presence of Addison’s disease. 
The usefulness and limitations of this method in endocrinologic diagnosis have 


been discussed. 
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FUNCTION OF PANCREATIC JUICE AND OF BILE IN 
ASSIMILATION OF DIETARY TRIGLYCERIDE 


A Review 


JOHN H. ANNEGERS, Ph.D., M.D. 
CHICAGO 


HE ASSIMILATION of a dietary material may be considered to consist in 

part of the processes concerned in its transfer from the food to the circulating 
fluids of the body. These processes include the mechanical transport of ingested 
material through the gastrointestinal tract, the physical and chemical changes which 
may occur in the bowel lumen (digestion), and the transfer of digested material 
from the bowel lumen to the blood or lymph (absorption). This review is concerned 
with the gastrointestinal assimilation of ordinary dietary triglycerides, in which the 
constituent fatty acids are predominantly palmitic, stearic, and oleic. The term lipid 
means alcohol-ether-soluble material, which may consist of triglyceride, fatty acid, 
sterol, or a mixture. 

A quantitative estimate of the degree of gastrointestinal assimilation of a dietary 
lipid is obtained by the use of balance studies, in which daily dietary lipid intake is 
constant for a period during which the total daily fecal excretion of lipid is meas- 
ured. For example, if the daily fecal lipid excretion does not change when a lipid 
is added to the diet the dietary lipid is considered to have been 100% assimilated. 
If, on the other hand, daily fecal lipid excretion increases as a lipid is added to the 
diet, the dietary lipid is considered to have been incompletely assimilated. Balance 
studies over a physiological range of dietary lipid intakes provide a useful estimate 
of the degree of assimilation of a given dietary lipid under a given set of conditions. 
Such balance studies on normal and on abnormal subjects furnish evidence whereby 
one can recognize and quantitate abnormal dietary lipid assimilation. Further bal- 
ance studies under controlled conditions provide a method of exploring the causes 
of abnormal lipid assimilation. 

There is general agreement that in the absence of bile or of pancreatic juice the 
gastrointestinal assimilation of dietary triglyceride is less than in normal persons. 
This review is an attempt to summarize the evidence that has been provided by 
balance studies concerning the component(s) of pancreatic juice and bile which aré 
necessary for normal lipid assimilation and concerning the specific function of such 
components in the gastrointestinal assimilative processes. 


TRIGLYCERIDE ASSIMILATION IN NORMAL PERSONS 


The results of balance studies of two or more days’ duration on normal men 


and dogs are summarized in Table 1. Statistical study of these data reveals that 
triglyceride assimilation is slightly better when a single triglyceride is added to a 
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control diet than when triglyceride intake increases concomitantly with other dietary 
constituents. Thus, in both man * and dog? fecal lipid increases in approximately 
linear fashion with dietary triglyceride when all dietary constituents are increased. 
Regression analyses show that in man fecal lipid increases 0.03 gm. per gram of 
dietary triglyceride * and in the dog fecal lipid increases by 0.012 gm. per gram of 
dietary triglyceride. The values in Table 1 of 1.95 and 2.17 gm. of fecal lipid per 
day in man and dog, respectively, are estimates of fecal lipid excretion when the 
diet contains no triglyceride. These values are interpreted as estimates of fecal 
lipid excretion unassociated with dietary lipid intake, or endogenous lipid excretion. 

On the other hand, when either lard or hydrogenated vegetable oil is substituted 
for carbohydrate in a mixed diet, fecal lipid excretion does not change significantly 
in normal man.* Similarly in the dog, the substitution of lard for a part of the mixed 
diet * and the addition of lard to a constant mixed diet ¢ does not increase fecal lipid 


excretion significantly. 


TaBLe 1.—Triglyceride Assimilation in Normal Subjects 








Total Subjects Total 
Dietary Fat, or Tests, Fecal! Lipid, 
Diet Gm./Day No. Gm./Day 
Man 
Mixed 10 to 350 272 1.95 + 0.08/gm. dietary lipid 
Mixed + 60 gm. triglyceride * 93 
Mixed + 120 gm. triglyceride 140 40 
Mixed + 150 gm. triglyceride 168 60 
Dog 
Mixed 5 to 350 
Casein and sucrose 
116 gm. mixed t 
77 gm. mixed + 25 gm. 
58 gm. mixed + 40 gm. 
77 gm. mixed + 45 gm. 
77 gm. mixed + 70 gm. 
58 gm. mixed 
58 gm. mixed + 50 gm. 
58 gm. mixed + 75 gm. 


wo 


www. 


2.17 + 0.012/gm. dietary lipid 
0.85 
3.79 
3.01 
3.74 
2.43 
2.44 
0.97 
1.17 
1.71 
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4 
4 
4 
4 
5 
5 
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+ Dry weight of “Pard” dow food. 

There are two probable explanations for the apparently better assimilation of 
triglyceride when it alone is increased in the diet. In the first place, as with fecal 
nitrogen * and fecal carbohydrate * excretion in normal dogs, fecal lipid excretion 
seems to increase with the amount of crude fiber in the diet. Casein and sucrose 
contain no crude fiber, and the mixed diet contained about 4% crude fiber on a dry 
weight basis. Further regression analysis of the 54 balance tests summarized in the 
last nine lines of Table 1 reveal that fecal lipid increases by 0.52 gm. for each gram 
of dietary crude fiber. A second explanation is that some of the mixed diets con- 
tained sterols, and dietary cholesterol is only about 30% absorbed in the rat ¢ and 


in the dog,§ as shown by balance studies. 


* References 1 and 2. 

+ References 5 and 6. 

t References 8, 9, and 10. 
§ References 11 and 12. 
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The data in Table 1 are compatible with the earlier interpretation || that in 
normal persons ordinary triglycerides are nearly if not completely absorbed and 
that in such persons fecal lipid is of endogenous origin. A further interpretation is 
that the amount of endogenous lipid in the feces is dependent in part on the amount 
of crude fiber in the diet. 


TRIGLYCERIDE ASSIMILATION IN THE ABSENCE OF PANCREATIC JUICE 


It was pointed out in a review of lipid balance studies in the literature that in 
the absence of pancreatic juice fecal lipid increases in approximately linear fashion 
with dietary triglyceride intake.** However, the estimates of 32% and 75% assimi- 
lation of dietary triglyceride in man and dog, respectively, are subject to wide 
variation. This variation is probably due to the pooling of balance studies wherein 
the nonfat portions of the diet as well as other conditions varied. 
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Chart 1.—The assimilation of dietary lard and oleic acid in the absence of pancreatic juice in 
the dog. Black dot indicates dietary lard added; open circle, dietary oleic acid added. 


In order to obtain further data under one set of conditions, dogs were prepared 
with the body but not the tail of the pancreas removed surgically.° In such animals 
it is assumed that pancreatic juice is essentially absent from the intestine. No 
glycosuria was observed in the few tests that were made. Varying amounts of test 
lipids were added to a control mixed diet which contained 7.5 gm. of triglyceride 
per day. The results of five-day balance studies are presented in Chart 1. 

If we consider for the present only the gastrointestinal assimilation of dietary 
lard, these data confirm previous demonstrations that fecal lipid excretion increases 
in linear fashion with dietary triglyceride in the absence of pancreatic juice.?® 
Regression analysis reveals that on the control diet 5.0 gm. of fecal lipid were 
excreted and that fecal lipid increased by 0.38 gm. per gram of added dietary lard. 
Assuming that 38% of the triglyceride in the control diet was also unassimilated, 


|| References 13 and 14. 
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it is estimated that endogenous fecal lipid excretion in depancreatized dogs receiving 
58 gm. (dry weight) of the mixed diet per day is 5.0 — (0.38 & 7.5) = 2.2 gm. 
per day. This means that the removal of pancreatic juice does not increase endog- 
enous fecal lipid excretion. 

It is concluded that in the absence of pancreatic juice dogs assimilate an average 
of 62% of a range of dietary triglyceride intakes. 


THE FUNCTION OF PANCREATIC JUICE IN DIETARY LIPID ASSIMILATION 
Although it is generally assumed that pancreatic juice functions in the hydrol- 
ysis of dietary triglyceride, it has been asserted that there is no defect in triglyceride 
hydrolysis when pancreatic juice is absent.'® This interpretation is presumably 
based on the observation that at moderate dietary triglyceride intakes the per cent 
of free fatty acids in fecal lipid from persons who lack pancreatic juice does not 
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Chart 2.—The degree of hydrolysis of unabsorbed dietary triglyceride in the absence of bile 
and of pancreatic juice. Black dot indicates bile fistula dogs (each point is the average of four 
to nine dogs) ; open circle, depancreatized dogs (individual tests) ; x, clinical achylia pancreatica 
(individual tests). 
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differ markedly from that observed in normal persons. Furthermore, it has been 
demonstrated that fecal lipid excretion in depancreatized dogs is about the same 
as in normal dogs for given doses of triglyceride or fatty acid.{ Such a finding 
does not appear to be compatible with the view that pancreatic juice functions in 
the hydrolysis of dietary triglyceride. 

In order to reexamine the evidence concerning the degree of hydrolysis of fecal 
lipid in the absence of pancreatic juice, data from a previous review * have been 
recalculated and are graphed in Chart 2. These data were obtained from studies in 
which total fecal lipid and milliequivalents of titratable fatty acid in fecal lipid were 
measured. The wide range of total fecal lipid excretion results from having varied 


§ References 17 and 18. 
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the dietary triglyceride intake. Assuming that fecal fatty acids have a molecular 
weight of about 280, the fecal excretion of unsplit lipid has been estimated as the 
ditference between the weights of total lipid and free fatty acids. 

These data demonstrate that in conditions of experimental or clinical absence 
of pancreatic juice about 66% of the fecal tipid is unsplit. This per cent does not 
exceed the range of per cents found in normal dogs or men as reviewed previously." 
However, the total amount of unsplit fecal lipid becomes considerable at high dietary 
triglyceride intakes in the absence of pancreatic juice but does not behave in similar 
fashion in the absence of bile. Furthermore, it seems probable that the amount of 
fatty acids found in the feces is an overestimation of the amount of fatty acids which 
were released by hydrolysis in the upper intestine, since it has been observed that 
the milliequivalents of fatty acid in feces from a depancreatized dog which had been 
fed a low-triglyceride diet increased threefold when the feces were allowed to remain 
at room temperature for 24 hours or in a refrigerator for five days.# 

Accordingly, since much of the fecal lipid is unsplit in the absence of pancreatic 
juice but not in the absence of bile, it is concluded that pancreatic juice has a neces- 
sary digestive function in the assimilation of dietary triglyceride. It is further con- 
cluded that when pancreatic juice is absent fatty acid is a more readily absorbable 
lipid than is triglyceride. It may be that all fatty acids which are released by 
hydrolysis of dietary triglyceride in the upper intestine are absorbed in the absence 
of pancreatic juice and that the free fatty acids found in the feces are released in 
the colon. 

Previously cited evidence concerning an extradigestive function of pancreatic 
juice * seemed to be compatible with several interpretations, because the assimila- 
tion of dietary fatty acids had been shown to be poor in the normal rat '* and had 
not been adequately investigated in the normal dog. If a dietary fatty acid were less 
well assimilated in the depancreatized dog than in the normal dog, an extradigestive 
function of pancreatic juice would be established. 

In order to evaluate the assimilation of dietary fatty acid in normal dogs, five-day 
balance studies were conducted in which oleic acid was added to a control mixed 
diet (58 gm. dry weight per day) in six animals.* The dogs excreted an average 
of 0.97, 2.02, 4.6, and 11.3 gm. of fecal lipid per day when 0, 25, 50, and 75 gm. of 
oleic acid, respectively, were added. Since fecal lipid increased significantly with 
each 25 gm. increment of added dietary oleic acid, it is concluded that the fatty acid 
was not as completely assimilated as were similar intakes of lard (Table 1). Thus, the 
assimilation of 50 gm., for example, of oleic acid is 100% — 100 (4.6 — 0.97) /(50) 
== 93%. 

These results mean that in the dog as in the rat '® the intestine cannot absorb 
high concentrations of fatty acid as efficiently as it can absorb fatty acids which are 
released upon the hydrolysis of triglyceride. Since diarrhea developed in most of the 


dogs when 75 gm. of oleic acid were fed, it is suggested that the incomplete assimila- 


tion is a result of increased peristalsis of the bowel. 
To complete the comparison of dietary fatty acid assimilation in normal dogs 
with that in depancreatized dogs, five-day balance tests were performed in which 


# Annegers, J. H.: Unpublished data. 
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oleic acid was added to the control diet of the latter animals.° The results are pre- 
sented in Chart 1. These results confirm and extend previous studies,* since the 
depancreatized dogs assimilated dietary oleic acid little if at all better than they 
assimilated triglyceride and they assimilated oleic acid much less completely than 
did normal dogs. Thus, pancreatic juice must have some extradigestive function 
which operates when oleic acid is fed, if not under any other condition. 

The next series of experiments were done in an attempt to learn more about 
this extradigestive function. Since at high rates of secretion pancreatic juice con- 
sists largely of enzymes and NaHCOQs,7 it seemed reasonable to test whether this 
function of pancreatic juice might be accounted for by the NaHCO3.° To accom- 
plish this test, dogs were prepared with the body of the pancreas removed and with 
a permanent cannula in the main pancreatic duct through which fluids could be 
administered. 

The effect of 20 cc. doses of isotonic NaHCOs, given intraduodenally every 20 
minutes for eight hours after the meal, and of the same total amount of NaHCO; 
fed with the meal are shown in Table 2. The results show that the extradigestive 
function of pancreatic juice was satisfactorily replaced by NaHCQOs. 


Tas_e 2—Effect of NaHCO: on Lipid Assimilation in Depancreatized Dogs 








Fecal Lipid Excretion, Gm./Day 
A. 





Daily Regimen “ist Dog 2dDog 38dDog 4th Dog. 


Cohen and Control mixed diet J 2.94 5.02 1.28 

Annegers® Oontrol + 45 gm. oleic acid i 9.8 28.3 19.9 
Control + 45 gm. oleic acid + NaHCOs intraduodenally 4.2 2.6 4.6 6.1 
Control + 45 gm. oleic acid + NaHCOs orally ice 3.1 16.8 5.9 

Annegers * Control + 30 gm. lard F 9.6 13.1 6.1 
Control + 30 gm. lard + NaHCOs intraduodenally.... J 2.2 12.7 4.1 
Control + 30 gm. lard + NaHCOs oraliy val 20.8 18.5 13.2 








* Unpublished study. 

¢t 15 gm. lard/day. 

Thus far it has been concluded that pancreatic juice has a necessary digestive 
function in the normal assimilation of a representative dietary triglyceride and a 
necessary extradigestive function in the normal assimilation of a representative 
dietary fatty acid. The next question to be investigated was whether the extra- 
digestive function could substitute for the digestive function in the assimilation of 
dietary triglyceride.# If such should prove to be true, it would suggest that tri- 
glycerides can be readily absorbed without having been hydrolyzed and that the 
defective hydrolysis of triglyceride which occurs in the absence of pancreatic juice 
is not the only reason for poor triglyceride assimilation. 

Accordingly, Table 2 shows the effect of the previous intraduodenal and oral 
dose of NaHCOs when a triglyceride is added to the control diet in depancreatized 
dogs. Contrary to the results when oleic acid was fed, NaHCOs; did not reduce 
fecal lipid excretion consistently. These findings fail to invalidate the conclusion 
that fatty acids are more readily absorbed than are triglycerides and that the 
digestive function of pancreatic juice is essential for the complete assimilation of 
dietary triglyceride. However, the possibility remains that some function of pan- 


* References 17 and 18. 
+ References 20 and 21. 
# Annegers, J. H.: Unpublished data. 


id 





ANNEGERS—ASSIMILATION OF DIETARY TRIGLYCERIDE 


creatic juice in addition to digestion is also essential for the complete assimilation 
of dietary triglyceride. Thus, along with alternative interpretations, such may be 
the explanation for previous failures to correct completely the steatorrhea in clinical ¢ 
and in experimental ** pancreatic deficiency by means of oral lipase preparations. 


THE FUNCTION OF BILE IN TRIGLYCERIDE ASSIMILATION 


There is ample evidence in the literature that dietary triglyceride is poorly 
assimilated in the absence of bile. Thus, a review *° of lipid balance studies showed 
that in clinical and in experimental bile deprivation endogenous fecal lipid excretion 
is unchanged from that in normal persons and that total fecal lipid increases linearly 
with dietary triglyceride intake. In the dog and man averages of 42% and 54%, 
respectively, of a physiological range of triglyceride intakes were assimilated. There- 
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Chart 3—The assimilation of dietary lard and oleic acid in the absence of bile in the dog 
(Heersma and Annegers +; Annegers, J. H.: Unpublished data). _Black dot indicates dietary 
lard added; open circle, dietary oleic acid added; x, lipid-free diet of sucrose and casein. 


fore, the total defect in dietary triglyceride assimilation brought about by the diver- 
sion of bile is comparable with that which occurs in the absence of pancreatic juice. 

There are differing opinions concerning whether bile is necessary for the diges- 
tion of triglyceride, the absorption of fatty acids, for both processes, or for some 
additional process. Data from balance studies in which total fecal lipid and milli- 
equivalents of fecal fatty acid in bile fistula dogs were measured are presented in 
Chart 2 together with the previously discussed similar measurements on depancre- 
atized dogs. Contrary to the findings in the absence of pancreatic juice, only a small 
constant amount of unsplit fecal lipid was found over the range within which bile 
fistula dogs have been studied. Thus, in the absence of bile, triglyceride hydrolysis 
appears to have been complete, with only that amount of unsaponifiable material 
appearing which is found in the feces of normal subjects. Furthermore, under the 
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assumptions that colon bacteria have equal capacity for triglyceride hydrolysis and 
that fecal fatty acids are of similar molecular weight in depancreatized and _ bile 
fistula dogs, the estimated triglyceride hydrolysis in feces from the latter animals 
could not have occurred entirely in the colon. Therefore, since hydrolysis appears 


to have been complete, bile must function other than in the digestion of triglyceride. 


The implication is that bile functions in the absorption of fatty acids and is essential 
for this process to occur at the rate which is attained in normal subjects. 

As a test of the interpretation that bile functions in the absorption of fatty acid 
and not in the digestion of triglyceride, the assimilation of dietary fatty acid was 
studied in bile fistula dogs.# Assuming that fatty acid is a more readily absorbable 
lipid than is triglyceride, it was reasoned that if bile fistula dogs assimilate dietary 
fatty acid more completely than dietary triglyceride such would indicate that bile 
has some digestive function. The data graphed in Chart 3, however, show that 
dietary lard and dietary oleic acid are assimilated to the same degree of about 60% 
of a range of intakes. 

It is concluded that whatever emulsifying and enzyme-activating properties bile 
may have its essential function in the assimilation of dietary triglyceride is in the 
absorption of fatty acids. A further interpretation is made that about 40% of a 
wide range of amounts of fatty acid, whether arising from the hydrolysis of dietary 
triglyceride or from the dietary intake of fatty acid, are absorbed without the aid 
of bile and that bile increases the rate of fatty acid absorption so that nearly 100% 
of ordinary fatty acids are absorbed in the time that they are in the small intestine. 
In addition, the finding that oleic acid and lard are assimilated to the same degree 
suggests that in the absence of bile either dietary lard is absorbed in the form of 
fatty acids after hydrolysis or the bile fistula animal has the same capacity for fatty 
acid absorption as for the absorption of partially or unhydrolyzed triglyceride. The 
former alternative seems to be more probable in view of the evidence that tri- 
glyceride digestion is complete in the absence of bile and that fatty acid is a more 
readily absorbable form of lipid than is triglyceride. 


THE CONSTITUENTS OF BILE WHICH FACILITATE FATTY ACID ABSORPTION 

There is general agreement that the property of aiding dietary lipid assimilation 
is due to the “bile salts” in bile. However, an attempt to identify which one or more 
of several bile salt preparations might be a satisfactory substitute for whole bile 
failed, since none of the preparations effected normal triglyceride assimilation in 
bile fistula dogs.**° Therefore, a systematic attempt to explain this failure was made 
in subsequent studies. 

It seemed that first at least one set of experimental conditions under which 
whole bile would correct the steatorrhea of bile fistula dogs needed to be demon- 
strated. Since the gall bladder usually contracts and delivers concentrated (with 
respect to bile salts and certain other constituents) bile to the intestine during the 
gastric emptying of a meal in the dog, the question of whether such a time relation- 
ship is essential for normal triglyceride assimilation was investigated. To answer 
this question, 10-day lipid balance tests before and after cholecystectomy were 
performed on eight dogs.° It was found that 53 and 80 gm. daily triglyceride (lard) 
intakes were assimilated completely in dogs after the removal of the gall bladder. 
aot 


# Annegers, J. H.: Unpublished data. 
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Since hepatic bile effected normal triglyceride assimilation in cholecystectomized 
dogs, fresh hepatic bile next was returned to the duodenum of bile fistula dogs.*° In 
these experiments the dogs were fed a mixed diet which contained 36 gm. of triglyc- 
eride (lard) per day. All bile first was collected every eight hours, a 1.0 cc. aliquot 
was taken for cholate determination, and the rest of the collected bile was returned 
to the duodenum by means of an indwelling tube during the first 20 minutes of each 
succeeding eight-hour period. This schedule of bile collection and return was con- 
tinued for up to 10 consecutive five-day periods. During each five-day period the 
average dose of cholate per day in the administered bile and the average fecal lipid 
excretion per day were measured. Although the chief bile salt in the dog is tauro- 
cholate, it is measured and expressed as cholate unless otherwise specified. 
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Cholic acid reaching the intestine gms./day 
Chart 4.—The effect of cholate dose and frequency of bile administration on fecal lipid excre- 


tion in bile fistula dogs.2® Black dot indicates bile returned every eight hours; x, bile returned 
every four hours; open circle, bile returned every hour. 


Under the above experimental conditions, the amount of cholate excreted in the 
bile and returned to the intestine increases with time until it reaches a steady level 
of 8 to 12 gm. per day.**7 A probable explanation of the cholate increase, from about 
1.0 gm. per day when the bile fistula dog is receiving food but no bile to about 10 gm. 
per day when all bile has been returned to the intestine, has been offered.** Cholate 
synthesis by the liver is thought to remain constant on a given diet, and in addition 
approximately 85% of cholate reaching the intestine is resecreted in the bile. A 
steady-state cholate output is maintained when the 15% of cholate reaching the intes- 
tine, which is “lost,” is just replaced by cholate synthesis. 
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Data from the study in which fecal lipid excretion was measured during periods 
when bile was returned are reproduced in Chart 4.°° The increase in cholate reaching 
the intestine from 0 to 8 gm. per day was accomplished by continuing the bile return 
for successive five-day periods. Although fecal lipid excretion decreased as the dose 
of cholate increased, triglyceride assimilation was not brought to normal even after 
50 days of bile return every eight hours. Next, bile was collected, sampled, and 
returned every hour for six days in three dogs. Fecal lipid excretion during the last 
five days of this regimen was considerably less than it had been when bile was 
returned every eight hours and was within normal limits in one of the dogs (Chart 
4). Since the more frequent bile return was accompanied by a slight increase in cho- 
late dosage, either or both variables may have caused the improved triglyceride 
assimilation. However, when the same three dogs were shifted to a schedule wherein 
bile was collected, sampled, and returned every four hours, a consistent increase in 


TasLe 3.—Effect of Conjugated Bile Salts on Fecal Lipid Excretion in Bile Fistula Dogs 2° 
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Gm./Day Substance Gm./Day No. Gm./Day 
Intraduodenal administration 
36 None 
36 Ox-bile extract 
36 Ox-bile extract 
36 Ox-bile extract 
36 
36 
51 
51 
1 
51 
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Sodium taurocholate 
Sodium glycocholate 
None 
Ox-bile extract 
Ox-bile extract 
Ox-bile extract 
Oral administration 
36 Ox-bile extract 6.7 
51 Ox-bile extract 6.7 





fecal lipid excretion without a consistent change in cholate dosage was observed 
(Chart 4). 

These findings indicate that in the dog bile must reach the intestine nearly con- 
tinuously, at least during a portion of the day, for complete assimilation of dietary 
triglyceride to occur. In addition, it is probable that in species possessing a gall 
bladder bile reaches the intestine fairly continuously between intermittent gall blad- 
der evacuations. 

Based on the findings in the preceding series of tests, various bile salt prepara- 
tions were placed in solution and pumped continuously into the duodenum of bile 
fistula dogs during eight-day periods.** Fecal lipid excretion was measured during 
the last five days. The results when several doses of various bile salt preparations 
were tested at one or more levels of dietary triglyceride intake are summarized in 
Table 3. Ox-bile extract, which consists largely of glycocholate, taurocholate, and 
taurodesoxycholate but is not chemically pure, effectively reduced fecal lipid excre- 
tion. Pure sodium glycocholate and taurocholate reduced fecal fat excretion at least 
as much as did ox-bile extract. Furthermore, these pure salts were at least as effec- 
tive as was a larger dose of taurocholate given when fresh dog bile was returned to 
the duodenum hourly (Chart 4). 
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These findings are interpreted to mean that the function of bile in fatty acid 
absorption can be accounted for by its contained conjugated bile salts and that the 
dose of glycocholate or taurocholate which is necessary for complete bile replace- 
ment in the dog exceeds 10 gm. per day when the substitute reaches the intestine 
continuously. This estimate of the amount of bile salt which is necessary fo normal 
triglyceride assimilation is in accord with the demonstrations that in bile fistula 
dogs with a reestablished enterohepatic bile circulation about 14 gm. of taurocho- 
late is secreted per day.” It is reasonable to assume that similar amounts of bile 
salts are necessary for normal triglyceride assimilation in man. 

If bile salts were to be substituted clinically for whole bile, oral administration 
would be the only practical route. Therefore, oral tests in which ox-bile extract was 
placed in gelatin capsules and fed with the meal were performed.** These results 
are also summarized in Table 3. Statistical comparison of these findings with the 
results which were obtained when no bile substitute was given and when ox-bile 
extract was given intraduodenally at each dietary triglyceride level indicates that the 
oral route is probably as effective as is the duodenal route. Since bile must be in 
the intestine nearly all of the time for fat assimilation to proceed normally, these 
findings upon oral administration of ox-bile extract imply that the stomach delivers 
the mixture of food and bile salt to the intestine over a considerable time interval. 

The next series of balance tests were designed to answer whether the property of 
aiding the assimilation of dietary triglyceride is possessed by certain other “bile 
salts,” which occur uncommonly in nature.2* Chemically pure sodium cholate and 
sodium desoxycholate were poorly tolerated by bile fistula dogs, since anorexia and 
severe diarrhea occurred when doses of 5 to 10 gm. were given for two days or 
longer. No satisfactory lipid balance tests were completed with either substance. 
These findings suggest a reason why the bile salts which predominate in the ox, dog, 
and man are usually, if not always, conjugated with glycine or taurine. Another 
preparation, dehydrocholic acid, or oxidized unconjugated cholic acid, was well tol- 
erated in 6.6 gm. daily continuous intraduodenal doses. However, in four bile fistula 
dogs this preparation did not alter fecal lipid excretion. It appears that the various 
chemical compounds available as “bile salts” do not possess in equal degree the ability 
to substitute for bile in aiding triglyceride assimilation. Furthermore, adequate toxic- 
ity studies, using such doses as are now known to be appropriate for bile replacement, 
have not been found. Therefore, at the present time the safest physiological method 
for reducing the steatorrhea in a person who lacks bile salts is to reduce the dietary 
fat intake. 

Since conjugated bile salts are known to increase the solubility of fatty acids and 
other lipids in near-isotonic buffered solutions at physiological pH values,§ the 
question arises as to whether bile salts aid fatty acid absorption by means of a non- 
specific solubilizing action. Sorethytan (20) monooleate (Tween 80; polyoxyethylene 
sorbitan monooleate) was chosen in preliminary tests because it seems to have 
reduced the steatorrhea in a patient with celiac disease ** and because the assimi- 
lative defect in celiac disease bears certain resemblances to that which occurs in the 
absence of bile.** However, 2 and 4 gm. daily doses of sorethytan (20) monooleate 
—larger doses than had been used clinically—did not alter the fecal lipid excretion 
of eight bile fistula dogs.*? Although these findings fail to demonstrate that bile 


§ References 29 and 30. 
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salts function as nonspecific solubilizing agents, they do not rule out such a possi- 
bility, since a larger dose or different route of administration of sorethytan (20) 
monooleate or some other wetting agent might prove to be effective. 


SUMMARY AND CONCLUSIONS 


The gastrointestinal assimilation of dietary lipids has been evaluated in normal 
subjects, in subjects deprived of pancreatic juice, and in those deprived of bile by 
means of balance studies in which total fecal lipid excretion has been measured in 
association with a range of dietary lipid intakes. 

Since the addition of certain common triglycerides to the diet of normal subjects 
results in no significant increase in fecal lipid excretion, such triglycerides are prac- 
tically 100% assimilated and fecal lipid is of endogenous origin. In the dog, at 
least, endogenous lipid excretion is influenced to a small extent by the amount of 
crude fiber in the diet. 

In the absence of pancreatic juice about 60% and in the absence of bile about 
40% of the physiological intakes of dietary triglyceride (lard) are assimilated in 
the dog. In neither condition is endogenous fecal lipid excretion significantly altered 
from normal. 

When triglyceride is fed, the exogenous fecal lipid appears to be about 66% 
unsplit in the absence of pancreatic juice, whereas in the absence of bile little or 
none of the exogenous fecal lipid appears to be unsplit. These findings suggest that 
pancreatic juice is necessary for normal triglyceride hydrolysis, that fatty acid is 
a more readily absorbed form of lipid than is triglyceride, and that bile is necessary 
for normal fatty acid absorption. 

Depancreatized dogs are unable to assimilate dietary oleic acid as completely 
as are normal dogs. This finding establishes the fact that pancreatic juice has some 
extradigestive function, at least in the assimilation of dietary oleic acid. A physio- 
logical amount of NaHCQOsg satisfactorily replaces this extradigestive function of 
pancreatic juice. Since NaHCQOs does not improve the assimilation of dietary lard 
in depancreatized dogs, the conclusion that pancreatic digestion is essential for nor- 
mal triglyceride assimilation is supported. Whether pancreatic juice has some addi- 
tional necessary extradigestive function in the assimilation of dietary triglyceride is 
unanswered. 

Bile fistula dogs assimilate about 40% of dietary oleic acid intakes. Since this 
degree of assimilation is identical with that of dietary lard, the conclusion that bile 
is necessary for fatty acid absorption and not for triglyceride hydrolysis is supported. 

In order to correct the steatorrhea of bile fistula dogs it is necessary to adminis- 
ter fresh bile to the duodenum every hour rather than every four or every eight hours, 
when the total dose of bile is nearly equal to the steady level of bile output in the 
intact dog. 

The conjugated bile salts, glycocholate, taurocholate, and taurodesoxycholate, are 
satisfactory substitutes for fresh bile in bile fistula dogs, and the conjugated bile salts 
in bile appear to account completely for the property of facilitating dietary triglycer- 
ide assimilation. A total daily dose of these substances in excess of 12 gm. is necessary 
for the complete replacement of bile in the dog. Sodium cholate and desoxycholate, 


however, are poorly tolerated, and oxidized cholate does not facilitate lipid absorp- 
tion. Sorethytan (20) monooleate (Tween 80) likewise does not alter fecal lipid 


excretion in bile fistula dogs. 
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FTER the introduction of chlortetracycline (Aureomycin) in 1948? this anti- 
biotic was rapidly recognized as an important and highly effective agent 
against a broad spectrum of infectious diseases. Oxytetracycline (Terramycin), 
introduced two years later,” was soon found to have an almost identical spectrum of 
activity. Both of these antibiotics are now undisputedly ranked among the most 
important antimicrobial agents that are available. 


In the course of the clinical evaluation of oxytetracycline at this hospital * an 
impressive proportion of patients receiving that antibiotic were noted as having 
diarrhea, with or without upper gastrointestinal symptoms; in many of these 
patients hemolytic coagulase-positive strains of Staphylococcus aureus were found 
in pure culture or as the predominant organisms in the watery feces. Some of the 
staphylococcic diarrheas were quite severe and may have caused or contributed to 
the death of a few of the patients. 

In comparing the untoward effects observed in two series of oxytetracycline- 
treated patients, one treated for pneumonia * and the other for urinary tract infec- 
tions,° it was noted that diarrhea occurred in 38% of the former, as compared with 
18% of the latter. The dosage generally employed in the patients with pneumonia 
was 500 mg. every four hours, whereas most of the patients treated for urinary 
tract infections received 500 mg. every six hours and a few received doses of 250 
mg. at various intervals. The impression was gained from some of the latter cases, 
and from a number of others subsequently observed, that the untoward gastro- 
intestinal effects were less frequent and less severe when the smaller individual 
doses were used. Moreover, the clinical and bacteriological results in the patients 


Aided by a grant from the United States Public Health Service. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School. 

The oxytetracycline (Terramycin) was supplied by Dr. Gladys L. Hobby, of Chas. Pfizer & 
Company, Inc., and the chlortetracycline (Aureomycin) was furnished by Dr. Stanton M. Hardy, 
of Lederle Laboratories Division, American Cyanamid Company. 
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A. M. A. ARCHIVES OF INTERNAL MEDICINE 


receiving these smaller doses did not appear to be appreciably different from those 
in patients treated with the 500 mg. doses. 

This observation seemed to be of sufficient interest and importance to warrant 
pursuing it further. Accordingly, a special study was instituted in an attempt to 
determine the over-all efficacy and toxicity of oxytetracycline when used in doses 
of 250 mg. every four or six hours. 

Chlortetracycline, in earlier studies in this hospital,; had given rise to fewer 
untoward effects than were noted with oxytetracyline, and staphylococcic diarrheas 
had not been recognized as a prominent feature of chlortetracycline toxicity. Since 
the possibility existed that some new factors had been introduced which might have 
accounted for the greater frequency of toxic effects during the period when oxytetra- 
cycline was studied, a parallel study was also undertaken with chlortetracycline. 
The present paper gives an analysis of the results obtained in 520 patients treated 
with oxytetracycline and chlortetracycline, most of them between August 1951 
and June 1952. 

PLAN OF THE STUDY 

It was not deemed feasible to set up a study whereby the agents and dosages under investiga- 
tion could be given to patients by a method of completely random selection. The following was 
considered to be the most suitable and workable method of selecting patients for this study and 
is the one which was actually employed: The study was carried out on two medical services, 
each of which consists of a regular male and a female ward receiving patients by a system of 
rotation that is applied to all of the six medical services of this hospital. One of the two anti- 
biotics under study was supplied exclusively to both wards of one of these two medical services, 
while the other was used exclusively on the alternate service. After a period of five months, 
the antibiotics used by these services were reversed so that each of the two services had an 
approximately equal experience on their regular wards with each of the antibiotics under study. 
3oth of these services shared an additional male ward to which were admitted elderly patients 
who presented difficult nursing problems. This ward was introduced into the study after it had 
already been in progress for some time; oxytetracycline was used exclusively at first and for 
only a brief period, after which it was withdrawn and replaced by chlortetracycline at the same 
time that the change was made on the regular wards. As a result, there is an excess in the 
total number of patients and in the number of male patients over 60 years of age who received 
chlortetracycline ; moreover, since the mortality in the type of patients admitted to this ward 
is considerably higher than in the regular wards, there is also a great excess in the number 
of deaths among the males of the older age groups who were treated with chlortetracycline. 

Other antibiotics and sulfonamides were available on all of the wards; these were used 
whenever it was felt that they were particularly indicated, but not during the course of treatment 
with either of the antibiotics under study. (Actually, only two patients received combined therapy 
-——one with Hemophilus influenzae meningitis was given sulfadiazine, and another with brucellosis 
was given streptomycin, in addition to chlortetracycline.) A number of patients included in the 
study were first treated with other antimicrobial agents and subsequently were given either 
oxytetracycline or chlortetracycline, either for the same disease after it had failed to improve 
under the first treatment or for another infection acquired during that treatment. Some of the 
patients were given other antimicrobial agents after they had failed to respond to either 


oxytetracycline or chlortetracycline or when these latter agents were discontinued because of 


toxicity. 

Every encouragement was given to the staff to use the antibiotics under study by preference 
for any infections in which they might be indicated and to use them in doses of 250 mg. every 
four or, preferably, every six hours. Since most of the earlier experience with both of these 
drugs had been primarily in acute pulmonary infections and in infections of the urinary tract 
and since these constitute the bulk of infections in patients admitted to this hospital, special 


+ References 6, 7, 8, 9, 10, 11, 12, and 13. 
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emphasis was placed on the use of the antibiotics and dosages under study in these groups of 
infections. In the cases of acute pulmonary infection a preponderance of the patients were given 
the 250 mg. doses of oxytetracycline or chlortetracycline at four-hour intervals, while in the 
patients with urinary tract infections the 4- and 6-hour dosage regimens were used in similar 
numbers of patients. During the early part of the study and before confidence in the efficacy 
of the smaller doses was acquired, a number of patien’s were still given 500 mg. doses, particu- 
larly of chlortetracycline, but this was done only rarely after September. 

The usual clinical and bacteriological studies were carried out, but a particular effort was 
made to obtain stools for culture from patients having diarrhea as a complication of the treatment. 
Cultures of the fecal specimens were made in the usual manner, but, in addition, direct smears 
were made and they were streaked on the surface of blood agar plates in an attempt to 
determine the presence and relative numbers of staphylococci. The occurrence of untoward 
effects was noted, and, in almost all instances, when a watery diarrhea occurred during treatment 
with either of the antibiotics under study that treatment was promptly stopped. The management 
of this complication depended on its severity; therapy was usually only symptomatic, with 
parenteral fluids being given if the patient appeared to be getting dehydrated, and camphorated 
opium tincture, U. S. P. (paregoric) was used in some cases. Other antimicrobial agents were 
used to continue treatment if the patient had not fully recovered or when it was otherwise 
considered desirable to do so. Tests for sensitivity of bacteria isolated and assays for antibiotics 


TABLE 1.—Distribution of Cases by Age and Sex 











Treated with Oxytetracycline* Treated with Chlortetracycline* 


gE ———— — a, je  aecny — = elt Tide etme a 
Males Females Ail Males t¢ Females All 
13 16 29 15 (1) 24 39 (1) 
13 14 (1) 27 (1) 10 12 (2) 22 (2) 
17 (2) 13 (1) 30 (3) 17 (3) 21 (3) 38 (6) 
23 (2) 18 (1) 41 (3) 22 (2) 11 (2) 33 (4) 
29 (4) 23 (3) 52 (7) 26 (8) 19 (2) 5 (10) 
13 (3) 25 (8) 38 (1) 44 (13) 24 (8) 8 (21) 
8 (1) 11 (6) 9 (7) 24 (13) 15 (5) 39 (18) 


116 (12) 120 (20) 236 (32) 158 (40) 126 (22) 284 (62) 


* Numbers in parentheses indicate the number of fatal cases included. 

+ Discrepancy in number of males and deaths in this category is largely accounted for by the fact that 
chlortetracyecline was used throughout the greater part of the study on the overflow ward for elderly male 
patients who are difficult nursing problems; in this ward only 16 patients over 60 years old were treated with 
a and 4 of them died, as compared with 70 patients over 60 who received chlortetracycline, of 
whom 26 died. 


in body fluids were not included as part of the study and will not be considered; they were 
carried out only irregularly or when particularly indicated. 

Age and Sex.—The distribution of patients according to age and sex is shown in Table 1. 
There was a preponderance of patients in the older age groups among those treated with each of 
the antibiotics under study; only 24% of those treated with oxytetracycline and 21% of those 
receiving chlortetracycline were under 40 years of age. Patients in the eighth or later decades 
accounted for 24% of those treated with oxytetracycline and for 45% of those treated with 
chlortetracycline. The preponderance of patients in the older age groups among the latter is 
accounted for by the larger number of male patients who received chlortetracycline (for the 
reason previously given) ; this also accounts for most of the excess of patients and of fatal cases 
among the chlortetracycline-treated patients. 

Previous Antimicrobial Therapy.—Thirty patients had received another antimicrobial agent 
before oxytetracycline therapy was started; 5 of them had been given sulfisoxazole (Gantrisin) 
and 2 sulfadiazine for the treatment or prevention of urinary tract infections, with failure in each 
instance. The other 23 had received penicillin in various forms—9 for the prevention and 14 
for the treatment of respiratory tract infections—and subsequently were given oxytetracycline 
for the treatment of penicillin-resistant infections of the bronchopulmonary or urinary tract. 
Among the patients treated with chlortetracycline 32 had previously received antimicrobial 
agents. Urinary tract infections had failed to improve under treatment with sulfisoxazole in three 
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of these patients and with sulfadiazine in two; the other 27 patients had received penicillin—14, 
who were unconscious or had cardiac failure, for prophylaxis; 5 for chronic bronchopulmonary 
infections, and 8 for pneumonia. The therapy for some of the latter was changed to chlortetra- 
cycline for the treatment of penicillin-resistant residual pulmonary infections, but most patients 
in this group were treated with chlortetracycline for urinary tract infections. 

Dosage.—The facts pertaining to the dosage of oxytetracycline and chlortetracycline as used 
in this study are given in Table 2. The largest number of the patients received 250 mg. every 
four hours. An initial dose of 500 mg. was given more often to patients treated with chlortetra- 


Tas_E 2.—Analysis of Dosage 








Patients, No.* 





236 Treated with 284 Treated with — 
Oxytetracycline Chlortetracycline 
Dosage regimen (oral) 
I 250 mg. every 6 hr 
(a) Initial dose of 500 mg 
II 250 mg. every 4 hr 
(a) Initial dose of 500 mg 
(b) Interval] later changed to 6 hr 
III 500 mg. every 6 hr 
(a) Initial dose of 1.0 gm 
IV 500 mg. every 4 hr 
(a) Initial dose of 1.0 gm 


81 (10) 97 (22 
4 (1) 
146 (21) 159 (39) t 
15 (4) 
19 (1) 
6 (1) % qd) 


Duration, days 
5 (2) 
43 (11) 
97 (10) 
51 (5) 
23 (2) 
17 (2) 


Averages 
All cases 
Fatal cases 


6.9 days 
6.1 days 


Total oral dose, gm. 
i Rah pon ceded p SRP SE aeeeesh SheensubaeNs 5 (2) 
48 (11) 
105 (11) 


10.0-14.75 41 (5) 


20.0 or more 


Averages 
PEE ND: cic cbecwdccbenccnseeussdsdccecdncdesceeseen< 9.2 gm. 
DOREE GHB. oc ccascdccnccccccscesscscnseccosccesoceces 8.8 gm. 
Regimens I and II only 


* Numbers in parentheses indicate number of fatal cases included. 
+ 12 of these patients also received intravenous doses, 10 before and 2 after oral therapy. 
t+ One of these patients received intravenous doses later. 


cycline. Only 9 patients were treated with oxytetracycline in doses of 500 mg. every four or six 
hours, but 28 patients received chlortetracycline in these dosage regimens. 

The duration of treatment and the amounts used were quite similar for the two antibiotics, 
except that a significantly larger number of those patients receiving chlortetracycline were 
treated for less than two days and received less than 2 gm.; the small doses were used either 
in terminal cases or for patients in whom therapy was discontinued because of intolerance or 
because the causative agents were found to be resistant. The total duration of treatment with 
either drug varied from a few hours to about five weeks, and the total oral dose ranged from 
0.5 to 65 gm., but most of the patients were treated for two to nine days with a total of 2.0 to 
15 gm. The average oral dose of either antibiotic was slightly more than 9 gm., given over an 
average of 6.9 days in the oxytetracycline-treated patients and 6.5 days in the patients receiving 
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chlortetracycline. Intravenous doses were used to initiate therapy with chlortetracycline for 10 
patients and to complete the treatment with this agent for 2 patients; oxytetracycline was used 
intravenously for only 1 patient after oral therapy was stopped. 


CLINICAL RESULTS 


To simplify the evaluation of the beneficia: effects of the antibiotics under study 
in the rather widely varied types of cases in which they were used it seemed most 
expedient to classify each patient in a single diagnostic category, namely, under the 
major disease against which the antibiotic was directed. In judging the character 
of the results, however, it is important to bear in mind that a large proportion of 
all the patients, and almost all those in the older age groups, were suffering from 
a large variety of other underlying focal or systemic diseases; many of these other 
conditions were the principal ones for which the patients were admitted to the 
hospital and were the principal causes of death in all but a few of the patients. 
Moreover, many of the patients had more than one infection, or infection in more 
than one organ or system, or with more than one bacterial species; some of these 
patients, as already noted, had been treated for one of these other conditions with 
other antimicrobial agents, principally penicillin or sulfonamides, and therapy was 
changed to oxytetracycline or chlortetracycline either because they failed to respond 
to treatment with the first agent or because they had some residual infection that 


was resistant to it. 

Suitable materials for bacteriologic studies were obtained, when feasible, before 
treatment with the antibiotics under investigation was started, irrespective of any 
cultures that had previously been made; follow-up cultures were also done in most 


cases, when indicated, during and after therapy with the test agent. It is obviously 
not possible to present and analyze all of the bacteriologic data that were obtained. 
For simplicity in evaluating the results, therefore, only the organisms which were 
considered to be etiologically related to the infection against which the antibiotics 
under study were directed have been tabulated. The subsequent bacteriologic find- 
ings were then utilized, together with the character of the clinical response, to make 
a general estimate of the benefit derived from the antibiotic which was being 
evaluated. 

The diseases treated, the organisms considered to be etiologic in these diseases, 
and a general estimate of the over-all clinical and bacteriologic effects of the treat- 
ment are listed in Table 3. On the whole, it is seen that the results were favorable 
in acute infections with organisms which are generally susceptible to oxytetracycline 
and chlortetracycline; the results were equivocal or poor in the chronic infections 
of the bronchopulmonary or urinary tract and in diseases due to viral or unknown 
agents. As was to be expected from what has already been said, there were a 
number of patients in whom indeterminate or poor results were obtained in infec- 
tions with susceptible organisms; these were, for the most part, patients who were 
either treated late or when already in a moribund condition or patients in whom 
other underlying diseases militated against a favorable response. In many of the 
patients the results are listed as indeterminate, because the effects could have been 
ascribed to other treatment or because the data were inadequate to permit an esti- 
mate of the benefits of the treatment under study. Some of the failures may have 


been due to complicating conditions, such as severe chronic bronchopulmonary 
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infections in patients with pneumonia, or to underlying obstructive lesions or 
indwelling catheters in patients with urinary tract infections. 

On the whole, the over-all beneficial effects obtained from oxytetracycline and 
chlortetracycline were remarkably similar, considering the number and types of 
cases involved ; this was true both for the total groups and for the individual groups 
of diseases. Although the actual proportion of patients in whom the results were 
considered to be favorable (2+ or 1-+-, particularly the former) was higher in the 
entire series, and particularly in the groups of acute infections, that was treated 
with chlortetracycline, the differences are probably not of great significance. 


Effect of Dosage.—A breakdown of the results according to the dosage regimens 
employed is given in Table 4. Because of the small numbers of patients involved, 
those who received 500 mg. doses at four- and six-hour intervals (Regimens III 
and IV in Table 2) are considered together. Here again the results with oxytetra- 
cycline and chlortetracycline appear to be quite comparable. The higher propor- 
tions of favorable results from chlortetracycline in doses of 250 mg. every four 
hours or in the 500 mg. dosage regimens as compared with those obtained with 
the corresponding oxytetracycline regimens are probably not very significant, con- 
sidering the numbers of patients involved, the complexity of many of the cases 
treated, and the crude and sometimes arbitrary manner in which it was necessary 
to estimate the beneficial effects. Results among the patients with acute infections 
(Groups A, C, D, and F in Table 4) who received 250 mg. every six hours appear 
to show a greater and possibly significant advantage in favor of those treated with 
chlortetracycline ; favorable results (2+ and 1+ combined) were obtained in 86% 
and good or excellent clinical and bacteriologic results (2+-) were obtained in 64% 
of these chlortetracycline-treated patients as compared with 66% and 38%, respec- 
tively, in the corresponding patients who received oxytetracycline. 


Other Antimicrobial Therapy After Discontinuance of Oxytetracycline and 
Chlortetracycline by Mouth.—As already noted, no other antimicrobial agents were 
used during the course of therapy with either oxytetracycline or chlortetracycline, 
but a number of patients did receive such agents after the antibiotics under study 
were discontinued. There were 32 patients, including 7 who died, to whom other 
antimicrobial drugs were given after the oxytetracycline therapy was stopped; 14 
received penicillin, 6 were given chloramphenicol, 6 were treated with streptomycin, 
5 with sulfonamides, and 1 with erythromycin. For most of the patients these 
agents were given after diarrhea had developed under oxytetracycline therapy ; the 
chloramphenicol, streptomycin, and sulfonamides, however, were also used to con- 
tinue treatment of resistant urinary tract infections, particularly those with Proteus 
organisms, and also in some cases of secondary Staph. aureus infections, one of 
which was treated with erythromycin. In 4 of the 32 patients the infections had 
already been well controlled (2+-) with oxytetracycline, and in 6 others there had 
been considerable improvement (1-++-) when the oxytetracycline was discontinued. 


Among the patients treated with chlortetracycline, additional antimicrobial 
therapy was subsequently given to 46, including 22 who died. The agents used 
and the number of patients receiving each of them were as follows: penicillin 28, 
streptomycin 8, chloramphenicol 7, and sulfonamides 3. In these patients the 
penicillin was generally used to continue treatment when diarrhea or vomiting 
developed or, in several instances, for the therapy of residual chronic broncho- 
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pulmonary infections. The other agents were used primarily to continue the treat- 
ment of residual, chronic, and resistant urinary tract infections, the chloramphenicol 
being given to those patients with Proteus or staphylococcic infections. A complete 
clinical and bacteriologic remission (2+) had already been achieved during treat- 
ment with chlortetracycline in 6 of these 46 patients, and 22 additional patients 
were considerably improved (1+ -) at the time when the therapy was changed ; most 
of the remaining patients were already moribund and the effects of chlortetracycline 


in them could not be evaluated. 

In addition, intravenous therapy with the same antibiotic was used to continue 
treatment after diarrhea developed in one of the patients given oxytetracycline and 
in two of those who had been receiving oral chlortetracycline; these patients all 
continued to improve and their diarrhea stopped while they were receiving the 
antibiotics intravenously. 

Fatal Cases——As already noted, many of the patients were admitted to the 
hospital for serious and fatal diseases and the infections that were being treated 
were sometimes incidental or of minor importance; in a few the antibiotics were 
used prophylactically or for indications other than the treatment of infections with 
susceptible types of bacteria. In a number of those who died, more than one 
potentially fatal condition was already present when antibiotic therapy was begun. 
The major fatal diseases in all the patients who died, as judged from the clinical 
findings or from autopsies, when they were done, are listed in Table 5; in this 
table each patient is listed once. 

It is apparent that in only a very small number of the fatal cases was death 
ascribable to the failure of the antibiotics; nor could the antibiotics have been 
expected to alter the outcome, except possibly in a few instances. However, as 
can be seen from Tables 3 and 4, the infections in seven of the patients who died 
appeared to have been benefited (2+ or 1+-) by oxytetracycline therapy, while 
among the patients who died after treatment with chlortetracycline therapy, seven 
had already shown excellent or good effects, both clinical and bacteriological (2+-) 
and nine additional patients seemed to have been definitely benefited (1+), at 
least with respect to the infection for which the chlortetracycline was given. 

There were, however, two patients in whom staphylococcic diarrhea complicating 
oxytetracycline therapy must be considered as the immediate and only cause of 
death. One of these patients was a man of 69 who had already achieved a complete 
clinical and bacteriologic remission from pneumococcic pneumonia, and the other 
was a 73-year-old woman under treatment for an acute urinary tract infection. In 
each of these patients severe and progressive watery diarrhea with dehydration 
developed, leading to shock and coma; death occurred despite vigorous therapy in 
less than 24 hours after the diarrhea began in each of these cases. There were six 
additional patients treated with oxytetracycline and one treated with chlortetra- 
cycline in whom staphylococcic diarrhea proved quite debilitating and may have 
contributed to the fatal outcome ; these patients died from two days to four weeks 
after the diarrhea had lessened or stopped, but the general condition of these 
patients had failed to improve in the interim. 


UNTOWARD EFFECTS 


As noted in the introductory remarks, the present study was undertaken pri- 
marily to determine whether the disturbing gastrointestinal symptoms, particularly 
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the staphylococcic diarrheas which had been encountered frequently with oxytetra- 
cycline therapy when that antibiotic was given in amounts of 2 gm. or more daily 
and in individual doses of 500 mg., could be reduced or avoided by the use of 
smaller individual dcses, namely 250 mg. each, and lower total daily amounts. All 
those concerned with the care and study of the patients included in this report were, 
therefore, particularly alert to the occurrence of these and other toxic effects of 
the antibiotics under investigation. The numbers of patients who manifested sig- 
nificant untoward effects from oxytetracycline and chlortetracycline in the various 
dosage regimens used are shown in Table 6. 

In the present study mild and vague abdominal complaints which were not dis- 
turbing and did not interfere with appetite have not been included; also, only the 
occurrence of frequent and watery stools was classified as diarrhea. Patients whose 
only complication was soreness of the mouth, tongue, or throat, accompanied by 


Tas_E 5.—Causes of Death in Fatal Cases 











Patients Treated, No. 


pag = sy SS 
Chlortetracycline 
12 


: Fae eae . 
Major Fatal Disease Oxytetracycline 


Cerebrovascular accident 

Congestive heart failure 

Myocardial infarction, acute.... 

NI I ons atk apace oe bap gike a4 wid dnp 6 WNC ACEWRReOs 
TOTMIBAl MAUNGDANE GINSASOS......0.60cccsccccccecscvcesescesecs : 
Renal failure with uremia 

Hepatic failure (coma or hematemesis) 

Diabetic coma, late 

Acute pancreatitis 

Disseminated lupus erythematosus....................0000e : 


7 
4 


moe - rm w 


Secondary staphylococcie infection....................00005 ; 
RON PONS CTNNINE 5 bs ocs sic cneciecedecessceituaccebocss , 
Terminal therapy (few hours only) 


1 
9 
9 
9 


Total 


redness and inflammation, are listed in the table ; however, a few patients with other 
and more disturbing gastrointestinal manifestations also exhibited this effect but 
are not included in the table. Likewise, the occurrence of soft bulky stools was 
listed when that was the only gastrointestinal reaction; in a few patients, however, 
the appearance of such stools preceded the development of diarrhea and that was 
not indicated in the table. Pruritus of any appreciable degree in the anal or vulvar 
region was not noted in any of the patients in this study. In contrast to the frequency 
with which the latter complication has been noted with the use of oxytetracycline, 
chlortetracycline, and other antibiotics by other observers, it has rarely been 
encountered in the usual types of patients and under the conditions generally pre- 
vailing in this hospital. 

As shown in Table 6, untoward effects other than those involving the gastro- 
intestinal tract were infrequent with either oxytetracycline or chlortetracycline 
therapy. Sore throat or tongue as the only manifestation was noted in two patients 
treated with the former and in five who received the latter. Macular eruptions 
accompanied by fever and clearing when the antibiotic was stopped were observed 
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in two patients, each of whom received one of these antibiotics. Two additional 
patients had a relapse of fever without other signs of infection during treatment 
with chlortetracycline, and both became afebrile promptly after that antibiotic was 
discontinued. In none of these patients with fever, with or without rash, was any 
attempt subsequently made to reproduce these manifestations by administration 
of the same agent ; consequently the relation of these reactions to the antibiotic has 
not been firmly established in the present cases. 


Gastrointestinal symptoms were quite frequent and disturbing, and these were 
appreciably more frequent in the patients who received oxytetracycline. Involve- 
ment of only the upper gastrointestinal tract, as manifested by epigastric distress 
and nausea, with or without vomiting but without diarrhea, occurred in 24 of the 
patients (10.2%) who received oxytetracycline and in 19 (6.7%) of those who 
were given chlortetracycline. Diarrhea, with or without significant nausea or vom- 


TABLE 6.—To.xicity in Relation to Dosage 








Patients Treated with Patients Treated with 
Oxytetracycline * Chlortetracycline * 
A A 





250 Mg. 250 Mg. 500 Mg. » "950 Mg. 250 Mg. 500 Mg. 
Every Every Every6 All Every Every Everyé6 All 
Untoward Effect 6 Hr. 4Hr. or4Hr. Cases 6Hr. 4Hr. or4Hr. Cases 
Sore mouth (tongue or throat) only .. 2 és 2 2 3 5 
Nausea and/or epigastric distress only 11 14 (1) ie 1 3 
Nausea and vomiting 2 7 (3) 10 (3) 8(1) 12 (2) 16 (3) 
Nausea, vomiting, and diarrhea 10 (4) 16 (6) 8 (1) 7 (2) 11 (3) 
Diarrhea without vomiting MG) is 28 (6) 11 (8) 16 (8) 
All diarrheas, % of cases treated 21 2 19 11 10 


Staph. aureus predominating in feces 
of patients with diarrhea/no. of 
such patients for whom cultures 
were made / 20/26 /2 27/38 ls 3/15 4/22 


Rash and fever ae “ ss 1 1 1 

Drug fever (?)..... wbaseb scan souss ve os - _ 2 + 2 

Soft bulky stools ee 2 13 (1) 16 (1) 12 (2) 3 19 (2) 

No untoward effect ¢ eooe §$65(5) 95(11) §& 165 (16) 86 (20) 122 (26) 22(1) 230 (47) 
Total patients treated 81 (10) 146 (21) 236 (32) 97 (22) 159 (39) 28(1) 284 (62) 
% without untoward effects t 65 70 89 77 79 81 


roe & bo oO 


[i 


* Deviations from these regimens are listed in Table 2; numbers in parentheses indicate numbers of fatal 
cases included. 
t Includes patients having soft bulky stools without diarrhea. 


iting, occurred in 44, or 18.6%, of the oxytetracycline-treated patients as compared 
with 27, or 9.5%, of those treated with chlortetracycline. With either of these anti- 
biotics diarrhea was about twice as frequent among the patients who received doses 
of 250 mg. every four hours than they were among those receiving these doses of 
the same agent every six hours. Among the patients who received chlortetracycline 
in 500 mg. doses, the diarrheas were as frequent as among those who were given 
250 mg. of that agent every four hours. The upper gastrointestinal manifestations 
were, relatively, even more frequent on the four-hour dosage regimens. 

Staphylococcic Diarrheas—Cultures of the feces were made for most of the 
patients who had diarrhea at the time when they were having watery bowel move- 
ments and also were made later for many of them. Particular attention was paid 
in these cultures to the occurrence of hemolytic coagulase-positive strains of Staph. 
aureus. This was done by including direct cultures of blood agar in addition to 
those made on the media usually employed for the detection and differentiation 
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of enteric and coliform organisms. An attempt was also made to estimate the rela- 
tive numbers of staphylococci by making stained smears of the feces directly and 
also from the culture plates. Fecal cultures were made for 38 of the patients who 
had diarrhea during oxytetracycline therapy and for 22 of those who manifested 
this complication while receiving chlortetracycline; hemolytic Staph. aureus was 
found as the only or predominant organism in one or more cultures from 27 of 
the oxytetracycline-treated patients and from 4 of those treated with chlortetra- 
cycline. 

The results of the fecal cultures from the patients who had diarrhea during 
oxytetracycline therapy and the relation of this occurrence to the therapy and to 
the appearance of Staph. aureus in other materials from these patients are listed 
in Table 7. Also listed in this table are the relevant therapeutic measures taken 
specifically because of the occurrence of the diarrhea and the effects of those 
measures. Similar data for the patients who had diarrhea during chlortetracycline 
therapy are given in Table 8. Perhaps the most significant finding was the transient 
nature of the staphylococcic invasion of the fecal contents in most of these cases, 
irrespective of the type of therapy used after the oxytetracycline or chlortetracycline 
was discontinued. Particularly impressive also was the rapid subsidence of the 
diarrhea in all but an occasional patient after the oral administration of the offend- 
ing antibiotic was stopped, even when no specific measures were used to combat 
the diarrhea and even in patients from whom staphylococci were being obtained 
from cultures of other infected materials. 


COMMENT 


The data presented in this paper indicate clearly that the occurrence of impor- 
tant and disturbing gastrointestinal complications of oxytetracycline therapy, par- 
ticularly the staphylococcic diarrheas, which stimulated the undertaking of the 
present study, is not eliminated by dosage regimens of 250 mg. every six or four 
hours. However, they do indicate a definite correlation between the dosage and 
the incidence of these and other untoward effects. While comparisons with the 
previous data reported from this hospital may not be entirely warranted, they are 
nevertheless of interest and are probably significant. 

In the earlier series, of 91 patients with pneumonia treated with oxytetra- 
cycline,* almost all the patients received doses of 500 mg. every four hours; in 
that series diarrhea occurred in 37 patients, or 41%, and no toxic effects were noted 
in 42%. Staph. aureus predominated in the feces of 12 of 18 patients with diarrhea 
for whom cultures were done. In the series of 112 oxytetracycline-treated patients 
with urinary tract infections, who were studied more or less concurrently,’ the 
great majority of the patients received doses of 500 mg. every six hours; in that 
series diarrhea occurred in 20 patients, or 18%, and 60% of the patients in that 
series were free of any notable toxic effects from the antibiotic. Although staphylo- 
coccic diarrheas were observed among those patients and their severity and impor- 
tance were noted, their incidence could not be determined, because of the small 
number of patients for whom cultures of the feces were made. 

In the present series of oxytetracycline-treated patients watery diarrhea occurred 
in 21% of those who received 250 mg. every four hours and in 13% of those given 
250 mg. every six hours ; moreover, 67% of the former and 80% of the latter were 
entirely free of significant untoward effects. Staph. aureus was found as the only 
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or predominant organism in the diarrheal stools in 76% of those who were treated 
with four-hour doses (20 of 26 patients for whom cultures were made) and in 60% 
(6 of 10 patients whose feces were cultured) of those given the same individual 
doses, 250 mg., every six hours. 

In the previous reports on the use of chlortetracycline in this clinic ¢ the most 
frequent gastrointestinal symptoms noted were epigastric distress and nausea, with 
or without vomiting. Large bulky stools in increased number were noted in many 
cases, but diarrhea, with frequent watery bowel movements, was rarely observed. 
This has also been the experience of others elsewhere.t In the present series of 
chlortetracycline-treated patients diarrheas were encountered, but in a significantly 
smaller proportion of patients than among those treated with oxytetracycline. 
Among the chlortetracycline-treated patients, also, diarrhea was about twice as 
frequent in those receiving 250 mg. every four hours as it was among those given 
250 mg. every six hours. The incidence of this complication in the 28 patients who 
were treated with 500 mg. every four or six hours was similar to that noted among 
those given 250 mg. every four hours. Staph. aureus was demonstrated in signifi- 
cant numbers in only 4 of the chlortetracycline-treated patients out of a total of 22 
such patients with diarrhea for whom cultures were made; none of these 4 patients 
was among those who received 250 mg. every six hours. 

As to the efficacy of the dosage regimens used, it can only be stated that they 
appeared to be adequate in most cases and that the results were, in general, com- 
parable to those previously obtained with larger doses. The possibility cannot be 
excluded that some of the patients classified as treatment failures in this study 
might have benefited from larger doses. Moreover, comparisons with results in 
previous cases, even from this hospital, are not warranted, because of the varied 
character of the cases, the different methods of selection, the relatively small num- 
bers of any given type of case, and the large number of underlying complications. 
Others, however, have also reported satisfactory results with doses of 1 gm. daily 
given as 250 mg. four times a day both in patients with pneumonia § and in those 
with urinary tract infections.’* Even much smaller doses are alleged by one group 
of workers *° to be effective, and even preferred, in cases of urinary tract infections, 
provided that the dosage is so arranged that the concentration of antibiotic in the 
urine is adequate to inhibit the infecting organisms. According to these workers, 
the larger doses generally employed may be largely responsible for the emergence 
of resistant organisms during treatment. 

In a recent report, in which the occurrence of staphylococcic diarrheas during 
treatment with oxytetracycline and other antimicrobial agents is detailed, emphasis 
was placed on the efficacy of erythromycin in terminating these diarrheas.?! The 
present data, while not contradicting the validity of those findings, raise consider- 
able doubt as to the significance of the erythromycin in accomplishing that end. In 
the great majority of the cases presented here the diarrhea stopped fairly promptly 
and the staphylococci cleared from the stool quite rapidly after the oral administra- 
tion of the offending antibiotic was stopped, irrespective of the subsequent use of 
other agents. Only one of these patients received erythromycin, and most of them 
were given penicillin intramuscularly to continue the treatment of the original infec- 


+ References 6 to 13. 
t References 14 and 15. 
§ References 16, 17, and 18. 
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tion after oxytetracycline or chlortetracycline therapy was stopped. The staphylo- 
cocci isolated from the feces of the patients with diarrhea have been found to be 
highly resistant to penicillin **; nevertheless the normal flora was restored quite 
promptly after the orally administered antibiotic under study was stopped and the 
intramuscular use of penicillin started. It is, of course, possible that the occasional 
patient in whom diarrhea and the staphylococci in the feces did not clear promptly 
might have benefited from the oral administration of erythromycin or of some other 
antibiotic to which the staphylococci are susceptible; for example, bacitracin or 
neomycin, which are poorly absorbed, or chloramphenicol, to which many of the 
strains are susceptible, suggest themselves as other possibilities, in addition to 
carbomycin, which acts like erythromycin. However, the most important measure 
seems to have been the removal of the offending agent. Obviously, the institution 
of supportive and symptomatic therapy, particularly the administration of fluids 
to relieve dehydration and improve the electrolyte balance in order to prevent the 
shock that may result, is of major importance and must be undertaken early in 
order to be effective. 

Two additional observations, or rather impressions, gained from the present 
studies, and from others, may be mentioned because of their possible relevance. 
One of these is the importance of the use of cathartics in initiating the severe 
diarrheas, including those associated with staphylococci. This is important also in 
relation to the occurrence of diarrheas in patients receiving the antibiotics intra- 
venously. It has been the experience at this hospital that diarrhea attributable 
directly and only to intravenous therapy with oxytetracycline or chlortetracycline 
in the dosage usually employed, namely 500 mg. once or twice daily, has been 
extremely rare; it has been observed only following catharsis or when other condi- 
tions that may give rise to diarrhea were also present. Moreover, it is not felt that 
the so-called pseudomembranous colitis or enterocolitis is necessarily caused by 
or related to staphylococcic infection or to treatment with antibiotics, but rather 
that staphylococci may occur in such cases under conditions similar to those which 
occasion their occurrence in other patients. This aspect has been adequately 
reviewed elsewhere.”® 

The frequency and severity of the untoward effects which are being observed 
during the widespread use of antibiotics has become a matter of increasing concern, 


particularly since some of these toxic effects may be serious and even fatal and 


because they may occur in patients who are being treated for relatively minor 
ailments or for conditions in which the antibiotics are not very effective.** Since 
a large and perhaps the greatest proportion of the use of antibiotics is for such 
minor or doubtful indications, many physicians, impressed with the importance of 
the toxic manifestations which they and others have encountered, have been led to 
use considerable care and discretion in the selection of patients for treatment with 
antibiotics as well as in the choice of the agents they employ. This has had the 
very desirable effect of reducing the number of patients who receive such therapy 
unnecessarily and who may suffer serious consequences from such superfluous 
treatment. 

Other physicians, however, have become overcautious and as a result may have 
deprived some of their patients, suffering from serious infections, of the benefits 
of useful and highly effective antibiotics which, when properly employed, are known 
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to be life saving and capable of appreciably reducing the duration of acute infections 
and their sequelae. This, of course, is unfortunate and undesirable. 

It is, therefore, important for the physician to be aware of the fact that the 
administration of potent antibiotics, including penicillin, which is considered to be 
the least toxic of those now available, may be accompanied by serious, disturbing, 
and even fatal reactions. This, however, is also true of a great majority of potent 
and life-saving drugs, particularly when they are used without due regard to their 
proper indications, dosage, and potential toxicity. Hence it is incumbent on the 
physician to be circumspect about the use of any of these agents, to weigh their 
potential benefits against their possible toxic effects, and to employ them only when 
indicated and within the optimum dosage range that will accomplish the desired 
result with the minimum of untoward effects. 

The present study was undertaken for the purpose of learning whether a reduc- 
tion in the size of the individual doses and of the total daily dose below those 


previously employed would reduce the frequency and severity of the toxic effects 


from oxytetracycline and also from chlortetracycline without significantly impairing 
the therapeutic efficacy of these agents. The data presented indicate that the 
untoward gastrointestinal manifestations, particularly the severe watery diarrheas, 
may be materially reduced by lowering the dosage; they may also be prevented, in 
part, by avoiding catharsis, and their severity and duration reduced by stopping 
oral administration of the antibiotics and promptly instituting the proper supportive 
measures as soon as watery diarrhea begins. The possibility that some therapeutic 
efficacy may have been sacrificed cannot be excluded, but grossly the clinical and 
bacteriological effects appeared to be adequate in most cases. Until this aspect is 
clarified, however, it would appear to be the safer course to use the smaller oral 
doses and to supplement them with intravenous doses of 500 mg. amounts once 
or no more than twice daily in serious cases or when the small oral doses might 
be considered inadequate for any given infection. 


SUMMARY AND CONCLUSIONS 

An analysis has been presented of the clinical results obtained in 520 patients 
treated with either oxytetracycline (Terramycin) or chlortetracycline (Aureomycin) 
for a large variety of diseases, but chiefly for infections of the respiratory or 
urinary tract. Most of the patients were given oral doses of 250 mg. every four 
hours or every six hours, but 37 of them received 500 mg. doses at similar intervals. 
The incidence of toxic effects which accompanied the use of the different dosage 
regimens was noted, and special attention was paid to the occurrence of staphylo- 
coccic diarrheas. 

Favorable clinical and bacteriological results were obtained with each of the 
dosage regimens in patients with acute infections due to susceptible types of 
organisms. The results with each of the two antibiotics were, on the whole, fairly 
comparable, considering the relatively small numbers but wide variety of cases 
treated and the number and character of the underlying complicating factors. No 
conclusions could be drawn with respect to the relative efficacy of the dosage 
regimens employed as compared with the larger dosages which had been used 
previously. 
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The most frequent toxic effects were those involving the gastrointestinal tract. 
The frequency of the occurrence of gastrointestinal complications, particularly of 
severe watery diarrhea, was significantly greater in the patients who were treated 
with oxytetracycline than in those who received chlortetracycline in the same 
dosage. With each of these antibiotics diarrhea was about twice as frequent among 
patients who received 250 mg. doses every four hours or 500 mg. doses every four 
or six hours than among those given 250 mg. amounts every six hours. 

Fecal cultures were made for 38 of the patients in whom diarrhea developed dur- 
ing oxytetracycline therapy and for 22 of those who had diarrhea during treatment 
with chlortetracycline. Hemolytic coagulase-positive strains of Staphylococcus 
aureus were found as the only or predominant organism in the fecal cultures of 
27 of the former and 4 of the latter 

Particularly noteworthy was the fairly rapid manner in which diarrhea sub- 
sided and the normal flora returned in the stools in most of the cases when the oral 
administration of the offending antibiotic was discontinued and only general sup- 
portive measures were instituted promptly after the diarrhea began; this improve- 
ment occurred without relation to the subsequent use of other specific antibacterial 
agents or to the susceptibility of the fecal staphylococci to those agents. 
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HE LAST decade witnessed the golden age in the isolation, purification, and 

manufacture of antibiotic drugs. A wide variety of bacterial, rickettsial, and 
some viral diseases can now be selectively treated and cured with these antimicrobial 
agents. While the advantage gained by the clinician is great, there are new problems 
to confront him. Among these are the superinfections caused by secondary organ- 
isms resistant to the antibiotic drug currently employed in treating a primary 
sensitive pathogen. 

The disturbances of the usual bacterial ecology induced by the administration 
of antibiotics have been described. Alterations of this kind have been noted in the 
mouth, throat, upper respiratory tract, intestinal canal, vagina, and perhaps in the 
skin. While the usual microbial population maintains a delicate balance between 
the various types, antibiotic therapy favors the multiplication of certain members 
of the bacterial population. Therapy directed toward infections caused by Gram- 


positive bacteria may allow or promote Gram-negative bacteria to flourish. The 


reverse may also be true. Such changes in microbial populations are occasionally 
associated with or perhaps may promote a superinfection.* Species of the genera 
Proteus, Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, 
Hemophilus influenzae, and Candida albicans (Monilia) are all capable of promoting 
a new infection. 

The purpose of this paper is to present additional evidence that pathogens not 
affected by the administered antibiotic can cause new infections during therapy with 
the antimicrobial drugs. The following six cases illustrate many of the problems 
encountered. 

REPORT OF CASES 

Case 1.—J. C. P., a white man aged 47 years, considered himself in good health until five 
days before admission to the Veterans Administration Hospital, Houston, Texas, on Dec. 10, 
1952. At this time he was knocked unconscious and left in a ditch of water for three hours. 
Three days later he noted a “hot feeling,” diffuse aching, and fatigue. The following day he began 
to cough, raising bright red blood; this was accompanied by pain in the left chest and repeated 
chills. He had known hypertension and frequent attacks of bloody and tarry stools, and he 
admitted to drinking 1/5 gallon (0.76 liters) of whiskey weekly for an unknown period. 

At the time of admission he was poorly nourished and appeared acutely and chronically ill. 
The skin and sclerae had an icteric tinge. The body temperature was 101 F. orally; the pulse 
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rate was 110 per minute and grossly irregular. Respirations were 22 per minute. The arterial 
blood pressure was 150/90. Oral hygiene was poor, and the pharynx was injected. The percus- 
sion note was dull, and the breath sounds were barely audible over the upper and lateral left 
chest. The liver was palpable 2 cm. below the costal margin in the right midclavicular line. 
The spleen was barely palpable and tender. Several spider nevi were noted over both shoulders 
anteriorly. 

A stained smear of the sputum disclosed Gram-positive lancet-shaped dipiococci with large 
capsules. The sputum was not cultured. Roentgenograms of the chest indicated consolidation 
of the lower and posterior portion of the left upper lobe. Penicillin procaine, repository type, 
three doses of 600,000 units, was administered intramuscularly daily, and 0.5 gm. of streptomycin 
was given intramuscularly four times daily for five days. The body temperature returned to 
normal on the third day. On the fourth day the patient became confused, and delirium tremens 
developed, with the body temperature up to 101 F. A culture of the sputum on the fifth hospital 
day (Dec. 15, 1952) revealed predominantly Hemophilus organisms. Culture transfers were 
unsuccessful, and typing and sensitivity studies could not be performed. 

Chlortetracycline (Aureomycin) was then administered orally in doses of 0.5 gm. four times 
daily. The body temperature returned to normal on the fifth day of treatment (Dec. 20, 1952). 
In roentgenograms taken Dec. 23, the pulmonic density was seen to have cleared somewhat. 
On Dec. 25, pain in the left chest and cough recurred, with a temperature of 102 F. From the 
sputum on the following day, hemolytic Staph. aureus was cultured, and it was resistant to all 
antibiotics except chloramphenicol. This drug was administered orally in doses of 2 gm. each 
day, beginning on Dec. 31. The temperature returned to normal five days later. Cultures of the 
sputum then showed only nonhemolytic streptococci and micrococci. Antibiotic therapy was 
discontinued on Jan. 9, 1953, and the patient remained asymptomatic until his discharge from 
the hospital, on Jan. 21. 

Case 2.—A. B., a white man aged 47 years, had upper abdominal pain and frequent episodes 
of hematemesis for one month prior to admission to the Veterans Administration Hospital, 
Houston, Texas, on Oct. 15, 1952. Three days earlier he had complained of fever and chills, left 
chest pain referred to the left upper abdomen that was aggravated by breathing, and a cough 
productive of thick yellow-brown sputum. 

At the time of admission he was well nourished and appeared acutely and chronically ill. 
Respirations were 48 per minute and grunting. The body temperature was 103 F. The pulse 
rate was 124, and the arterial pressure was 110 mm. of Hg systolic and 75 diastolic. The 
pharynx was brightly injected. Reduced respiratory excursions and splinting of the left chest 
were noted, with dullness to percussion and diminution of breath sounds over the lower left chest 
posteriorly and laterally. 

In the stained smear of the sputum, Gram-positive lancet-shaped diplococci with large 
capsules were seen. Viridans type of Streptococcus, sensitive to all the usual antibiotics, was 
isolated from a blood culture and from a throat culture. Roentgenograms of the chest revealed 
consolidation in the left lower lobe, with elevation of the left diaphragm. Penicillin procaine, 
repository type, two doses of 600,000 units, and 0.5 gm. of streptomycin were administered intra- 
muscularly daily for six days. Repeated roentgenograms, on Oct. 17, 1952, indicated an atelectasis 
in the lower lobe of the left lung, with a moderate effusion in the left lateral interpleural space. 
Consolidation in the lower lobe of the right lung was also noted. On the fifth hospital day a 
culture of the sputum revealed a hemolytic coagulase-positive Staph. aureus, most sensitive to 
chloramphenicol, which was then given in doses of 1 gm. four times a day. 

During the following two weeks the patient's condition continued to deteriorate. In addition 


to the pneumonia and atelectasis, a generalized peritonitis, urinary retention, acute left ven- 
tricular failure with pulmonary and peripheral edema and ascites developed. He also had hypo- 
natremia, hypochloremia, increasing pleural effusion, and possible empyema. The critical status 
During the ensuing month penicillin, streptomycin, 


was reviewed by numerous consultants. 
chloramphenicol, erythromycin, and magnamycin in adequate dosages were administered for 
varying lengths of time. 

On Nov. 1, 1952, Escherichia coli resistant to all antibiotics was grown in pure culture from 
the sputum. All therapy was discontinued on Nov. 19, after which the patient’s condition gradu- 
ally improved, as manifested by reduced volume of sputum, progressive lowering of body tem- 
perature to normal, and improvement of appetite. 
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On Nov. 24, he was awakened from sleep with sudden severe pain in the right chest followed 
by a cough productive of bright red blood. The body temperature rose to 103 F., and a diagnosis 
of pulmonary infarction was made. From the sputum hemolytic Staph. aureus was cultured. 
Erythromycin was administered orally in doses of 400 mg. six times daily for three weeks, 
beginning Nov. 28. A bronchial cast was spontaneously expelled on Dec. 10, after which the 
patient improved rapidly. He was discharged on Jan. 9, 1953. 

On Jan. 27, he was readmitted to the hospital with a history of fever to 104 F. for two days, 
severe productive cough, nausea, and vomiting. Roentgenograms indicated increasing pulmonic 
infiltration in the lower lobe of the right lung. Beta-hemolytic Streptococcus, sensitive to all 
the antibiotics, was cultured from the sputum. Erythromycin therapy was reinstituted, and the 
He was discharged on Feb. 8, 1953, after having been 


patient’s condition improved rapidly. 
asymptomatic for 10 days. 

Case 3.—F. C., a Negro woman aged 59 years, was admitted to Jefferson Davis Hospital, 
Houston, Texas, on Jan. 26, 1953. She was said to have had asthma for 20 years. For the past 
three years she had recurrent congestive failure, and she had a myocardial infarction in 1951. 
Ten days before admission she became increasingly weak and began to cough, raising brown- 
yellow sputum. Later she complained of pain in the right chest and upper abdomen. 


At the time of admission she was adequately nourished and appeared acutely ill. The body 
temperature was 103 F., the pulse rate was 104 per minute, and the respiration rate was 30. The 
arterial blood pressure was 130/65. There was limitation of the respiratory excursions of the 
thoracic cage. The percussion note was diminished, and the breath sounds were absent over the 
right lower chest posteriorly and laterally. The heart border was slightly lateral to the left 
midclavicular line, and a loud prolonged Grade IV apical systolic murmur was present. 

Roentgenograms of the chest disclosed consolidation of the lower and upper lobes of the right 
lung. From the sputum Diplococcus pneumoniae Group “F” was recovered in pure culture. 
Magnamycin was administered orally in doses of 2 gm. four times daily. The body temperature 
returned to normal after two days of therapy (Jan. 28, 1953). Two days later the fever returned, 
with cough, right chest pain, and the appearance of a harsh pleurai friction rub over the right 
inferior and lateral chest. Repeat roentgenograms revealed slight improvement of the consolida- 
tion in the right upper lobe, with an increase in the consolidation of the lower lobe of the right 
lung. On Jan. 31, the sputum was cultured and the previous antibiotic therapy was discontinued. 
Penicillin procaine, repository type, four doses of 300,000 units, was administered intramuscularly 
daily, and 6 gm. of sulfisoxazole (Gantrisin) was given orally daily for five days. On Feb. 3 
K. pneumoniae was identified as the etiologic agent and streptomycin 1.0 gm. was administered 
intramuscularly daily. The body temperature returned to normal on Feb. 4, only to rise to 104 
F. on Feb. 5. During the next three days the fever gradually subsided. On Feb. 9 the patient 
again had an increase in cough, fever, and sputum. At this time oxytetracycline (Terramycin) 
was substituted for the sulfisoxazole in dosage of 0.5 gm. every six hours. A culture of the 
sputum at this time revealed alpha hemolytic streptococci and Esch. coli sensitive only to 
chloramphenicol. Because the patient had improved on the antibiotics in use, these were con- 
tinued until Feb. 18 while the sensitivity tests were being performed. On February 23, ten days 
after the fever had returned to normal and symptoms had abated, the patient was discharged, 
to be followed in the outpatient department. 

Case 4.—R. D. K., a white man aged 30 years, was known to have had myotonia dystrophica 
for several years. He considered himself in his usual health until five days before admission to 
the Veterans Administration Hospital, Houston, Texas, on Jan. 20, 1953. At this time fever and 
chills, pain in the left chest aggravated by breathing, and a cough productive of thick white 
sputum developed. All these progressed in severity until the day of admission to the hospital. 

At this time he was well nourished and appeared acutely and chronically ill. He was breath- 
ing rapidly and grunting with each respiration. The body temperature was 101 F. orally, the 
pulse rate was 96 per minute, and the respiration rate was 32. The arterial blood pressure was 
120/65. The percussion note was dull, and the breath sounds were absent over the left lower 
chest anteriorly, laterally, and posteriorly. Moist rales were present in abundance in the upper 
part of the left chest. These clinical findings of pneumonia were associated with a respiratory lag 


in the left chest. 
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From the sputum D. pneumoniae, Group E, was recovered in pure culture. This was sensitive 
to penicillin and chloramphenicol. A roentgenogram revealed pneumonic consolidation in the 
upper lobe and lingula of the left lung, with a minimal pleural effusion. Because the patient had 
previously manifested a dermal sensitivity to penicillin, chloramphenicol was administered orally, 
1.5 gm. in six daily doses. The clinical course was unsatisfactory. On Jan. 26 the dosage of 
chloramphenicol was doubled, with the addition of 0.8 gm. erythromycin administered orally in 
four daily doses. From the sputum hemolytic Staph. aureus and C. albicans were cultured 
on Jan. 29. 

Repeat roentgenograms revealed an increase in the pleural effusion, and the mediastinal 
structures were progressively shifting farther to the right side of the chest. Bronchoscopic secre- 
tions cultured on Jan. 30 revealed no growth. Light green pus obtained by thoracentesis the 
following day yielded an anaerobic Streptococcus. 

Sensitivity studies on the hemolytic Staph. aureus showed it to be most sensitive to oxytetra- 
cycline. On Feb. 2 the patient was started on 2 gm. of oxytetracycline orally in four doses daily. 
Shortly thereafter a posterior thoracotomy with surgical drainage was done. The left lung was 
found to be completely collapsed and surrounded by a marked inflammatory rind on the pleural 
surfaces. The patient’s body temperature returned to normal within 24 hours, and the empyema 
fluid became sterile. On February 18 all medication was discontinued, and since then the patient 
has remained asymptomatic. 

Case 5.—L. S., a Negro woman aged 86 years, considered herself to be in good health until 
one week before admission to the Jefferson Davis Hospital, Houston, Texas, on Aug. 7, 1952. 
At this time chills and fever, cough, and pain in the left chest developed, which progressed to 
delirium prior to admission. The past history was essentially negative except for contact with 
a granddaughter who had pulmonary tuberculosis. 

At the time of admission the patient was poorly nourished, acutely ill, and dehydrated and 
she responded poorly to painful stimuli. The body temperature was 103 F., the pulse rate was 
100 per minute, and the arterial blood pressure was 125/65. Inspection and percussion of the 
chest revealed no abnormalities. Auscultation disclosed moist rales in the left apex and over the 
entire left posterior chest. 


In a stained smear of the sputum, Gram-positive cocci in short chains and Gram-positive 
lancet-shaped diplococci with large capsules were seen. A roentgenogram revealed typical lobar 
pneumonia in the lower lobe of the left lung. Crystalline penicillin G, eight doses of 300,000 
units, was administered intramuscularly daily. The body temperature rapidly returned to normal. 


A stained smear of the sputum on Aug. 31 revealed that Gram-negative bacteria and many 
budding yeast cells were now the predominant organisms although the patient’s condition was 
continuously improving. On Sept. 1 the body temperature rose to 106 F. Gram-negative short 
bacilli identical with K. pneumoniae and budding yeast cells were seen in a stained smear of the 
sputum. Penicillin was discontinued, and 1.5 gm. of chloramphenicol were administered orally 
in six doses daily. This was followed by an unsatisfactory clinical course. 

On Sept. 4 C. albicans was grown in pure culture from the sputum and all antibiotic therapy 
was therefore discontinued. Although the patient improved somewhat clinically, the body tem- 
perature did not return to normal. The source of the fever was considered to be a bladder 
infection caused by a retention catheter. Esch. coli organisms recovered from the urine were 
resistant to all the usual antibiotics. The bladder infection did not respond to calcium mandelate, 
bladder irrigations, and forced fluid intake. The elevated body temperature and productive cough 
persisted. A roentgenogram of the chest on Sept. 17, 1952, revealed a mottled increase in density 
throughout both lung fields. Because a concentrated sputum specimen was positive for Myco- 
bacterium tuberculosis, the patient was transferred to the tuberculosis service. 

Case 6.—L. C. S., a white man aged 23 years, an intern in a local hospital, considered 
himself to be in excellent health until Feb. 9, 1953, when fever and chills, sore throat, and 
increasing fatigue developed suddenly. Because the elevated body temperature persisted and the 
systemic symptoms became more severe, he was examined by an associate, who noted that the 
posterior pharynx was slightly injected, with a mild postnasal drip. The patient treated himself 
with 2 gm. of oxytetracycline orally in four divided doses daily. His body temperature promptly 
returned to normal, but the sore throat became progressively more severe. On Feb. 15 the 
posterior pharynx was injected, with areas of ulceration, exudation, and necrosis. In a throat 
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culture hemolytic Staph. aureus and diphtheroids were identified. The Staph. aureus was resistant 
to all antibiotics except for chloramphenicol and erythromycin in the highest concentrations. 
Erythromycin, 1.6 gm. daily, was administered orally in four divided doses. After five days of 
treatment the patient was considered to be well and all antibiotics were discontinued, and he 
was discharged from the hospital on Feb. 22. 


COMMENT 
The clinical histories illustrate new infections or superinfections which occurred 
during antimicrobial therapy. In each instance the clinical manifestations and the 
bacteriologic findings revealed a primary infection by one pathogen. Treatment 
with the appropriate antibiotic usually based on in vitro sensitivity studies yielded 


satisfactory clinical response. In each patient relapse resulted and was provoked 
by a micro-organism that was resistant to the particular antimicrobial drug used. 


It might be well to consider factors that may play a role in these superinfections, 
such as (1) environmental factors; (2) stimulation of bacterial growth by anti- 
biotics, and (3) tissue alterations. 

Environmental Factors——lIt has long been recognized that many microbiologic 
antagonisms exist in nature. Soil microbiology provides outstanding examples. 
Soils that have differing moisture, acidity, organic content, and other physicochemi- 
cal properties favor the growth of certain bacteria, fungi, and actinomycetes. To 
maintain their superiority some of these species antagonize others by the synthesis 
of poisonous metabolites or by the production of antibiotics (antibiosis). 

The internal and external environment of man favors the symbiotic growth of 
many types of saprophytic bacteria. These become established and adapted to specific 
areas of the body. This established flora resists the admission of invaders whether 
they are saprophytes or pathogenic organisms. Some of the invading micro-organ- 
isms are unable to compete in the local environment and others are resisted by 
metabolites or antibiotic substances derived from the established flora. These rela- 
tionships undoubtedly contribute to the natural resistance to some infectious diseases. 

Many examples of bacterial antagonism may be cited. It has been demonstrated 
by Thompson and Shibuya ® that in the upper respiratory tract the Streptococcus 
mitis type of viridans Streptococcus is inhibitory to virulent diphtheria organisms. 
The overgrowth of the diphtheria bacillus by Staph. aureus as the result of antago- 
nism was demonstrated by Jennings and Sharp.’° Ordinarily, C. albicans is an 
insignificant part of the established flora of the mouth, nasopharynx, vagina, and 
rectum. Yet following removal of antagonists by antibiotics this organism may 
become so abundant that it produces symptoms requiring discontinuance of the 
antibiotic. 

Barach, Bickerman, and Beck consider that prolonged penicillin therapy in 
pulmonary infections due to a mixed flora is relatively safe. However, continuous 
use of the broad-spectrum antibiotics for periods longer than five or six days is 
fraught with considerable risk. They record a significant increase in micro-organ- 
isms not sensitive to these antibiotics, namely Proteus vulgaris, Ps. aeruginosa, 
Cryptococcus, Aspergillus, Micrococcus pyogenes var. aureus, K. pneumoniae, and 
C. albicans. 


t References 1 and 8. 
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These examples indicate that antimicrobial therapy so alters the bacterial flora 
of the body that insensitive microbes become numerically predominant. If these 
initially scarce micro-organisms possess ability to invade the blood stream or specific 
tissues, a new infection may result. 

Stimulation of Bacterial Growth by Anttbiotics—Germicides and antibiotics 
work to suppress bacterial populations, though the mechanism of action may differ. 
To attain a suppression of bacterial populations, adequate amounts of each must be 
employed. 

According to the Arndt-Schulz law, poisons in small doses are stimulants. This 
law was applied by Schulz to germicides and bacteria 65 years ago.’* Since then 
numerous reports have shown that low concentrations of many germicides stimulate 
bacterial growth.'* 

There is evidence that the Arndt-Schulz law applies to antimicrobial drugs. This 
is based mainly on in vitro studies with penicillin. In the agar diffusion technique 


one can frequently see a zone of enhanced growth extending beyond that of maximal 
inhibition. This has been established upon a more quantitative basis by Garrod," 
who has shown that there are appropriate stimulating concentrations of penicillin 
for both sensitive and resistant species, such as 0.004 units per milliliter for a Staph. 
aureus and 4 units per milliliter or more for a Ps. aeruginosa. According to Miller 
and co-workers,'* in broth containing penicillin the maximal stimulating effect on 
Staph. aureus was attained at a concentration one-fifth of that required to inhibit 


growth completely. 

Clinically, new infections arising during antibiotic therapy may represent 
examples of stimulation of bacterial growth. It was demonstrated by Long ®* that 
during treatment with orally administered penicillin the normal flora of the mouth 
and throat was replaced with coliform bacteria. Meads and co-workers * noted that 
chlortetracycline given orally produced notable alterations in the aerobic bacterial 
flora of the nasopharynx. Like penicillin, it caused a prompt decrease in total 
number of bacteria in the throat, only to be followed by a rapid establishment of the 
Gram-negative species. Weinstein,® Appelbaum and Leff,® and Finland and Wein- 
stein* report instances in which resistant organisms appeared as the cause of 
pneumonia during penicillin treatment for an originally sensitive organism. 

We have repeatedly observed the recovery of various Proteus species and Ps. 
aeruginosa in the urine of patients receiving antibiotic therapy. These did not pro- 
duce clinical urinary tract infections and spontaneously disappeared several days 
after the termination of therapy. Garrod‘ observed three patients with endo- 
carditis treated with penicillin in whom urinary tract infections with Ps. aeruginosa 
developed “for no apparent reason other than the presence of the drug in the urine.” 
The development in eight patients of Proteus and Pseudomonas infections during 
antibiotic therapy was reported by Yow.’ 

It has been demonstrated by in vitro studies that antibiotics, particularly peni- 
cillin, can act as bacterial stimulants. However, in vivo results are not so definite. 
Because of this it is perhaps wrong to consider bacterial stimulation as a clinically 
established fact, yet there is sufficient evidence to approach this problem with 
respect. 

Tissue Alterations—Aureomycin, oxytetracycline, and chloramphenicol, the 
broad-spectrum antibiotics, have a disturbing influence upon the digestive tract. 
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The loss of appetite, vomiting, and diarrhea so frequently observed are particularly 
disturbing. In any infectious febrile disease there is a reduction in the patient’s 
appetite, and his food and vitamin intake are further restricted. 


Clinical vitamin deficiency states associated with the oral administration of 
chlortetracycline, oxytetracycline, and chloramphenicol have been recorded.§ These 
deficiencies are the result of (1) decreased food and vitamin intake caused by the 
febrile disease, (2) the effect of the broad-spectrum antibiotics upon the digestive 
tract, and (3) the alterations in the established bowel flora. Most of the bacteria 
constituting the bowel flora are engaged in synthesizing vitamins of the B-complex 
group.'’ This symbiotic manufacture of vitamin B-complex favors its absorption. 
The alterations in the microbiology of the large bowel induced by broad-spectrum 
antibiotics and resulting in vitamin-B-deficiency states may favor acute enterocolitis 
as the result of local tissue alterations and perhaps decreased body resistance. 

Recently, the use of Aureomycin and chloramphenicol has been reported to 
cause pseudomembranous enterocolitis, an inflammatory disease previously recog- 
nized at necropsy, resulting from various surgical and nonsurgical conditions of 
the lower gastrointestinal tract. Reiner, Schlessinger, and Miller ** report that the 
mucosa of the colon may show a surface exudation (“simple pseudomembrane”’) and 
stromal (diphtheritic) necrosis resulting from the use of these drugs. Seven of 49 
necropsies of patients to whom these antibiotics were administered revealed these 
more severe changes. Several patients in this study had, as seen by microscopic 
examination, a hyperproduction of tenacious mucus in the colon. Culture of the 
stools did not reveal any enteric organisms. 

Kleckner, Bargen, and Bagenstoss '® emphasize that there has been no increase 
in the incidence of fatal acute pseudomembranous enterocolitis since intestinal 
lesions have been treated with antibiotic or chemotherapeutic agents. Consequently, 
the use of these agents cannot be exclusively implicated as a factor in the patho- 
genesis of pseudomembranous enterocolitis. 

Some of the diarrheas following the employment of the broad-spectrum anti- 
biotics are associated with or provoked by resistant micro-organisms. Hemolytic 
Staph. aureus has been recovered repeatedly in pure culture in the stools.||| Such 
instances probably represent a separate and distinct entity, acute staphylococcal 
enteritis or enterocolitis, which results from a change in the bacterial flora of the 
bowel, promoted by or resistant to orally employed broad-spectrum antibiotics. 
Recently, erythromycin has been found to be very effective in the treatment of these 
infections due to the Staph. aureus.*? Acute enterocolitis caused by species of 
Pseudomonas and Proteus has been noted. All of these more severe intractable 
diarrheas are particularly serious in that the associated dehydration and prostration 
aggravate the original infection. Also, the clinical management of the diarrheas 
caused by such specific organisms that are resistant to many of the antibiotics is 
extraordinarily difficult. 


During the past 15 years there has occurred a remarkable shift in emphasis upon 
bacterial infections. Pneumococcal pneumonia, Group A hemolytic streptococcal 
infections, gonorrhea, early syphilis, meningococcal meningitis, and many other 


§ References 15 and 16. 
|| References 4, 20, and 21. 
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infectious diseases can be managed by energetic treatment with chemotherapeutic 
drugs. On the other hand, there is a progressive increase in the proportion of strains 
of staphylococci that are now markedly or totally resistant to penicillin. Further- 
more, these now are manifesting increasing resistance to some of the broad-spectrum 
antibiotics.** The infections caused by Proteus, Pseudomonas, coliform organisms, 
C. albicans, and other fungi are gaining recognition because of their severity and 
the problem of adequate therapy. So far the supply of new antibiotics has matched 
the capacity of the bacteria to resist them, but the total number of antibiotics yet to 
be discovered may be limited, and at that time the more enterprising and adaptable 
species may flourish at will. 

Many of the previously important infectious diseases that for centuries claimed 
millions of human lives have now been relegated to relative insignificance. There- 
fore, it would be unfortunate indeed if this discussion would leave the impression 
that these antimicrobial drugs are harmful and should not be employed. The formid- 
able list of their achievements in conquering infectious diseases will forever remain 
a glowing chapter in the history of medical science toward understanding and 
controlling human disease and suffering. 


Superinfections associated with the use of antibiotics are being recorded with 
increasing frequency. Such should not discourage the use of antimicrobial drugs 
when they are indicated in treating infection. One should, however, be hesitant to 
employ them when the indications, prophylactically or therapeutically, are indefinite, 
because mild primary infections may be converted to serious and perhaps fatal 
secondary infections by the unnecessary dependency upon antibiotic therapy. 


24 


The problem is well stated by Keefer *° that 


It is necessary for all physicians to be alert to the problem and to continue to study this complex 
phenomenon so that ways and means may be found to prevent new infections as well as treat 
them when they arise. Bacteriologic studies continue to remain important in the treatment of 
patients with infectious diseases because new or resistant infections can be recognized only by 
following the changes in bacterial flora in various regions of the body. 


SUMMARY 


Antimicrobial therapy suppresses many acute bacterial infections, while resistant 
organisms possessing lower virulence and invasiveness may become the cause of 
superimposed infections. A small, but significant percentage of patients treated with 
antibiotics become infected with organisms which differ from those causing the 
original infection. 

The clinical histories of six patients are presented to demonstrate a variety of 
bacteriological changes that may result while a primary infection is being treated 
with antimicrobial drugs. 

Superinfection is discussed with emphasis upon the changes in human bacterial 
ecology, the possible stimulation of resistant micro-organisms by specific antibiotics, 
and the alterations in the tissues resulting from the use of antibiotics. It is concluded 
that there are several mechanisms through which an antibiotic-resistant micro- 
organism becomes established and produces superinfection. 

The Microbiology Division of the Laboratory Service of the Veterans Administration 
Hospital and Jefferson Davis Hospital assisted in this study. 
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SUCCESSFUL TREATMENT OF INTESTINAL MONILIASIS 
WITH FATTY ACID-RESIN COMPLEX 


IRENE NEUHAUSER, M.D. 
With the Assistance of Edwin L. Gustus, Ph.D. 
CHICAGO 


NTESTINAL infections due to Candida albicans have recently become a subject 
of much interest.1. The appearance of large numbers of this organism in the 
feces of patients receiving certain antibiotics was noted soon after the introduction 


of these drugs into clinical medicine. The cause of this change in the composition 
of the intestinal flora lies in the profound effect which several antibiotics have on 
the normal intestinal bacteria and the almost complete resistance which C. albicans 
and certain bacteria show towards the action of these drugs. The great decrease 
in number of the normal intestinal bacteria brought about by the antibiotic drugs 
may play a role in the rapid increase in the number of C. albicans organisms, since 
the intestinal wall areas, previously occupied by these bacteria, may now become 
available as a source of nutrilites to organisms resistant to the drugs.* Indeed, there 
has been a controversy in the literature over the question whether or not low 
concentrations of chlortetracycline (Aureomycin) actually stimulate the growth of 
C. albicans.* 

It has been a question how many of the untoward symptoms observed in anti- 
biotic therapy '° are attributable to the action of the drug itself f and how many 
are to be regarded as symptoms caused by the monilial infection t or due to the 
decrease of vitamin-B synthesis or other activities carried on normally by the 
bacteria usually present in the intestinal tract.§ 

As a result of certain reported laboratory studies,’* the manufacturers of chlor- 
tetracycline included for a time in certain of the oral forms of that drug a small 
amount of esters of p-hydroxybenzoic acid in an attempt to impede the develop- 
ment of C. albicans in the mouth, throat, and possibly in the intestines. A recent 
publication *° mentions the prophylactic use of undecylenic acid given concomitantly 
with antibiotics, but the number of cases studied is too small to be more than sug- 
gestive, in view of the fact that the presence of C. albicans in the feces was not 
suppressed. 

It is fortunate that the undesired symptoms caused by antibiotic therapy and 
the greatly increased numbers of C. albicans organisms found in the feces of such 
patients usually disappear within a relatively short time after the use of the drug 
has been discontinued. However, in a few cases this is not so and the patient 


From the Department of Dermatology, University of Illinois School of Medicine. 
* References 4, 5, 6, 7, 8, 9, and 30. 

+ References 8, 9, and 11. 

+ References 5, 6, and 12. 

§ References 2 and 13. 
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continues to have more or less severe symptoms which parallel the presence of 
large numbers of C. albicans organisms in the feces. In these cases there may be 
slow improvement over weeks or months, or they may follow a more serious course 
with fatal termination *° after resistance to the usual treatment agents employed by 
clinicians. Intractable intestinal moniliasis is serious and is being seen much more 
frequently than formerly. This increased incidence is probably due in a large degree 
to the use of antibiotic drugs, although these drugs are not the cause of ail such 
cases. Unfortunately, the clinician has not been adequately prepared with safe and 
satisfactory treatment agents to cope with this condition.||| With the realization 
that the question of prophylaxis might be solved as a by-product if one could find 
a harmless and satisfactory drug for treatment of these debilitated patients with 
severe and intractable cases of intestinal moniliasis, attention has been directed to 
the development of a new type of therapeutic agent. 

Polyamine-acid-adsorbing or anion-exchange resins, first developed by Adams 
and Holmes,{ and used in water purification, have been applied in medicine as a 
means of reducing the acidity of stomach secretions.?* They have been found to be 
perfectly innocuous and are practically insoluble in aqueous media. The use of this 
type of resin and others as carriers for active drugs has been studied by one of us 
for a number of years. It has been found possible to use such resin complexes to 
accomplish therapeutic effects not possible of achievement with the use of the active 
drug alone. The nature of the union between the polyamine resin and an acidic drug 
is not a subject on which there is complete agreement in regard to the chemical or 
physical mechanism involved. However, in vivo this union may be partially or 
completely broken, and this may occur at various positions in the alimentary canal, 
depending on the properties of the resin and the adduct material and the ionic 
environment. In animals it has been observed that very finely powdered resin 
complexes tend to coat the walls of the stomach and to accumulate near the intestinal 
wall. Although practically insoluble, they undergo slow hydrolysis in aqueous 
media, releasing the active drug continuously and at a rate dependent, among other 
factors, on the strength of the resin, that of the acid drug, the pH of the environ- 
ment, and the size of the powder particles. Frequently, undesirable properties of 
certain drugs, such as a tendency to cause nausea, disappear when the drug is 
employed in the form of the resin complex or adduct, although the full therapeutic 
effect and satisfactory blood concentration of the drug may be obtained on admin- 
istration of the resin complex. 

The antimycotic effects of certain fatty acids have been known for a number of 
years,# and undecylenic acid (10-hendecenoic acid) has been widely used in the 
treatment of dermatophytoses.* The use of this acid in the free state in relatively 
large doses has been studied as an unrewarding treatment agent for psoriasis.** As 
a result, we know that in relatively large doses it causes severe undesired symptoms 
but is not dangerously toxic. The extent to which it is absorbed from the intestinal 
tract and its further fate are not fully known. 


|| References 14, 17, 18, 19, and 20. 

{ For a historical outline of the development of ion exchange resins and the techniques of 
their application, see Kunin and Meyers.?} 

# References 23 and 24. 

* References 25, 26, and 27. 
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In November, 1950, a patient (J. E.) with generalized moniliasis of the skin, in the Illinois 
Research Hospital, was referred to one of us for treatment. The skin condition responded satis- 
factorily to an ointment consisting of 10% calcium propionate and 10% sodium propionate in 
hydrophilic absorption base. The patient was seriously ill on admission to the hospital, and her 
general condition became progressively worse. It was found that the feces contained large num- 
bers of C. albicans organisms. Several therapeutic procedures with supportive measures were 
instituted without any substantial improvement in the patient’s condition. Her increasingly 
debilitated state and rapid loss of weight made it essential that the intestinal moniliasis be 
controlled and successfully treated without delay. 

For this purpose a saturated complex of a polyamine acid-adsorbing resin, of the type = used 
in treatment of gastric and duodenal ulcers, was prepared with undecylenic acid, and large doses 
of the powdered product were taken by each of the authors without experiencing any of the 
symptoms usually associated with ingestion of such quantities of undecylenic acid as were 
contained in the resin complex. Without further delay the patient was cautiously treated with 
increasing dosages of the finely powdered resin-undecylenic acid complex given in ordinary 
gelatin capsules. Her improvement and final complete recovery attested the value of the new 
therapeutic measure. 


TABLE 1—Comparison of Growth-Inhibiting Effects of Normal Fatty A 


cid-Resin Complexes 





No. of Examination of Petri Dish Cultures of C. Albicans, 
Carbon Sabouraud’s Agar, pH 5.6, 27.5 C. 
Atomsin — ~~ — 
Fatty Acid in Complex, % by Wt. Acid After 24 Hr. After 48 Hr, After 72 Hr. After 96 Hr. 

Propionie (21.8) é — _ 

Butyric (25.5) . _ 

Valerie (25.7) 5 + 

Caproic (28.1) . j t ++ 

Sorbie (29.5) HAL jt. +++ 

Heptylic (26.0) . t sorts 

Caprylic (31.0) t rt 

Pelargonie (22.1) $ { : soe 

Capric (29.8) : _ 

Undecanoie (32.2) _ 

Undecylenic (31.3) ......scccccsececs seve 











Explanation of symbols: —, no detectable inhibition of growth on portions of plate lightly dusted with 
finely powdered resin complex of the fatty acid compared with growth on the nondusted portion of the plate; 
+ —, faintest detectable inhibition of growth; +, inhibition of growth definitely detectable; ++, fair inhibi- 
tion of growth; ++-+, good inhibition of growth (no growth on dusted area and for a short distance beyond, 
in the nondusted portion); ++-++, excellent inhibition (no growth on dusted area and for some distance 
beyond, in the nondusted area); A, indicates fatty acid is unsaturated and contains a double bond; 
AQ, indicates fatty acid is unsaturated and contains two double bonds. 


It was then desirable to find out if other fatty acid-resin complexes could be 
used as treatment agents and to have some indication of the relative effectiveness 
of these complexes compared with the undecylenic acid complex. Accordingly, 
saturated complexes of the straight chain saturated fatty acids from propionic acid 
to stearic acid (C3 to Cig) were prepared with the acid-adsorbing resin and these 
saturated resin complexes were tested in vitro. 

The tests were performed by preparing media in the following manner. One milliliter of a 
48-hour culture of C. albicans in Sabouraud’s broth was added to 12 ml. of liquefied Sabouraud’s 
glucose agar. The mixture was then poured into sterile Petri dishes and allowed to cool. One 
half of the surface of the plate was dusted lightly with the fatty acid-resin complex powder 
to be tested. The plates were examined after 24 hours, 48 hours, 72 hours, and 96 hours for 
inhibition of growth in the dusted area. Table 1 shows the results obtained with a series of 
fatty acid-resin complexes using Sabouraud’s agar at pH 5.6, that is, in an acid environment. 


+ Finely powdered XE-58 Acid Adsorbing Resin for manufacturing purposes, from the 
Resinous Products & Chemical Company, Inc., Philadelphia. 








Figure 1 


(See legends on opposite page) 
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The saturated complexes of the normal saturated fatty acids beyond undecanoic acid gave no 
inhibition of growth and are not included in the Table. All normal saturated fatty acid-resin 
complexes from Cs to Gis were tested. The Figure shows the results of the above test, using 
butyric acid-resin complex and comparing it with the results observed using caprylic acid-resin 
complex. Growth is completely inhibited on the dusted area of the plate receiving the caprylic 
acid-resin complex, while the entire plate with the butyric acid-resin complex is covered with 
growth. The photographs were made 48 hours after the plates were prepared. 

Since the lower portion of the alimentary tract may be slightly alkaline in reaction, it was 
desirable to compare the resin complexes of the more effective saturated acids of the series with 
that of the unsaturated acid, undecylenic acid, in a slightly alkaline environment. In_ this 
experiment the saturated fatty acid-resin complexes were compared with the undecylenic acid- 
resin complex in a manner similar to that described for the above-mentioned tests, except that 
the Sabouraud’s glucose agar medium was now adjusted to give a final pH in the plated 
material of 7.5, that is, a slightly alkaline reaction. 


The markedly superior results obtained in vitro with the caprylic acid-resin 
complex prompted its trial in clinical studies. Caprylic acid has the additional advan- 


TasL_E 2.—Comparison of Growth Inhibition by Saturated Resin Complexes of Selected 
Saturated Fatty Acids rites d with Undecylenic Acid wesc 





Examination of Petri Dish Cultures 
of C. Albicans, 
No. of Sabouraud’ s Glucose Agar, 
Carbon pH7 5, 27.5 C. 
Atoms in -——-—— $9 
Fatty Acid in Complex, % by Wt. Acid After 24 Hr. After 48 Hr. After 72 Hr. 


Valerie (25.7 , + Ponaes 
Heptylie (26.0) 7 

Caprylie (31.0) . pte -+} +++ 
Pelargonie (22.1) 9 ++ +--+ 
Undecylenie (31.3) ... 11-/ . +4 ++ 
Undecanoie (32.2) 11 - _ 
Lauric (41.2) 12 _ 
Tridecylic (40.8) 13 - _ 


4.4.4. specdichs 


Symbols have the same significance as in Table 1 


tage of being a component of certain food fats which have been consumed for 
centuries by man. Further, it has been possible by improved preparative methods 
to obtain clinically acceptable caprylic acid-resin adducts which contain from 48 to 
52% of complexed fatty acid. Investigation of the complexes of the homologous 
doubly unsaturated normal fatty acids above sorbic acid might indeed reveal 

complex more active than the caprylic acid complex, but the unavailability of these 
acids and the paucity of our knowledge of them make this effort seem not worth 
while in view of the very satisfactory performance obtained from complexes of fatty 
acids much more readily available and more completely studied, such as caprylic 
acid and its nearby homologues. Finally, the caprylic acid complexes have very 
little, if any, inhibitory action on the growth of the normal intestinal bacteria and 





EXPLANATION OF FIGuRE 1 


The upper half of the upper plate (4) was lightly dusted with caprylic acid-resin complex. 
The upper half of the lower plate (B) was dusted with an approximately equal weight of 
butyric acid-resin complex. At the end of 48 hours, growth is completely inhibited in the dusted 
area of the upper plate (caprylic acid) and the inhibition extends a short distance into the 
undusted area. In the lower plate (butyric acid) evidence of inhibition of growth in the dusted 
area is practically not noticeable. The culture is of Candida albicans on Sabouraud’s glucose 
agar at pH 5.6. 

/ 
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it is possible for these desirable organisms to become reestablished during the period 
when monilia are being eradicated by the treatment described in this paper. 

It is very probable that a number of strains of C. albicans exist with varying 
degrees of virulence,?® and this fact may account for those cases of monilial infec- 
tion in which there are not the serious symptoms shown in the cases described in 
this report. We have observed a number of such cases which followed antibiotic 
therapy, and it has been possible in every instance to free the stools completely from 
C. albicans by treatment with the caprylic acid-resin complex. In none of the cases 
studied was any undesired side effect noted from the use of the fatty acid-resin 
complex, even in the most debilitated patients. 


REPORT OF CASES 


Case 1.—J. E., a 40-year-old white woman, was hospitalized on Aug. 20, 1950. The history 
revealed that she had been well until six months previous to admission. During this time she 
had been treated by a dermatologist for a seborrheic dermatitis involving the nasolabial folds, 
angles of the mouth, face, neck, and postauricular regions. When she was admitted to the 
hospital, the dermatitis had become more generalized. The throat was injected, and conjunctivitis 
and blepharitis of the right eye had developed. Her temperature was 101 F. and she complained 
of chilliness. While in the hospital she was given local therapy for the skin condition and 
antibiotics, penicillin, chlortetracycline, and oxytetracycline (Terramycin), for the temperature 
of undetermined origin. No fungi were found in the throat or on the skin. When she was 
discharged from the hospital, on Sept. 15, 1950, her skin eruption had improved and her tempera- 
ture was normal. However, she was asked to continue the oxytetracycline at home. On Sept. 23, 
1950, she was admitted to the Illinois Research Hospital. She stated that her skin eruption had 
become much worse after one week at home. When she was admitted to the hospital, the skin 
eruption had become generalized. The skin on the face, trunk, and arms was erythematous 
and scaling, and there were large weeping areas on the legs and in the groin. She also had an 
acute conjunctivitis, her tongue was red and smooth, and she appeared ill. The patient was 
given local therapy for the skin condition. Intravenous amino acids were given, as well as 
other supportive therapy. The oxytetracycline was continued, and the patient was also given 
sulfisoxazole (Gantrisin). Cultures from the skin, made soon after admission, showed beta 
hemolytic Staphylococcus, Pseudomonas aeruginosa, and many C. albicans organisms. Throat 
and stool cultures made later also showed many C. albicans organisms. The skin condition did 
not improve with the usual therapy, and on Nov. 3, 1950, use of an ointment consisting of 10% 
sodium propionate and 10% calcium propionate in hydrophilic absorption base was started. 
The skin eruption responded well to the new therapy, but the patient’s general condition 
continued to become worse. It was thought that the presence of large numbers of C. albicans 
organisms in the intestinal tract might be the cause of the patient’s continued loss of weight 
and her debilitated condition. The undecylenic acid-resin complex was then developed for this 
patient, and treatment was cautiously started on Nov. 29, 1950. At this time thrombophlebitis 
and a nonmonilial urinary infection had also developed. Due to these complications and the fact 
that the drug was being used for the first time, a low dosage was maintained until the complica- 
tions subsided. On the first day the patient received one capsule containing 300 mg. of a very 
finely powdered undecylenic acid-resin complex every six hours. Each capsule contained in 
complexed form 94 mg. of undecylenic acid. The dosage was increased the following day to one 
capsule every three hours. At this time the patient weighed 85 lb. (38.2 kg.) and was extremely 
debilitated. On Dec. 26, 1950, the dosage was increased to two capsules every three hours 
and the patient responded with progressive improvement, gaining weight and showing improved 
appetite, and a gradual disappearance of C. albicans from the stools paralleled her subjective 
improvement. She was given a mouth wash consisting of a 15% aqueous soijution of sodium 
propionate flavored with oil of peppermint, which successfully controlled the moniliasis of the 
buccal regions. When the patient was discharged, on Feb. 2, 1951, she weighed 101 Ib. (45.5 kg.) 
and the skin was clear. She has been under observation for one and one-half years, with an 
occasional mild recurrence of the seborrheic dermatitis but without any recurrence of the 
monilial infection of the skin or digestive tract. 
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CasE 2.—B. M. C., a 50-year-old white woman, was admitted to the hospital on Feb. 20, 1952. 
The patient’s surgical history dated back 15 years, when she had a resection of the left ovary, 
which upon examination proved to contain a carcinoma. Subsequently, she was operated upon 
several times, and again, as stated above, in February 1952. At this time the patient had a wide 
excision, which included a total cystectomy and a bilateral dermal ureterostomy. The patient 
recovered completely from the operation and was discharged. After returning home acute 
episodes of fever developed, and she was given intensive treatment with antibiotics, oxytetra- 
cycline, chlortetracycline, and chloramphenicol (Chloromycetin). After the administration of 
these drugs severe abdominal cramps developed, with frequent explosive foamy stools. The 
patient was thought to have a recurrence of her malignant condition and was again hospitalized. 
All x-rays of the gastrointestinal tract were negative. The patient improved with bed rest, but 
the diarrhea became worse again after she returned home. All accepted methods of combating 
the condition failed. The patient, having lost considerable weight, was readmitted to the hospital, 
and on routine examination of the stool many C. albicans organisms were found. On Nov. 25, 
1952, the patient was started on the caprylic acid-resin complex therapy. On each of the first 
three days she received two capsules of very finely powdered caprylic acid-resin complex four 
times a day. The following three days she received three capsules four times a day, and then 
she was given four capsules four times a day. Each capsule contained 250 mg. of very finely 
powdered caprylic acid-resin complex, which contained in complexed form 115 mg. of caprylic 
acid. The improvement was dramatic, and by the end of the week the stools were normal in 
number and character. The explosive nature and foaminess of the stool as well as the severe 
cramping abdominal pain had disappeared. Approximately one month after therapy was started 
the stools were negative for C. albicans and have remained so. The patient has gained weight 
and is able to perform her household tasks. 


Case 3.—L. H., a white woman aged 41, gave a history of soreness of the tongue, gums, 
and roof of the mouth for the past six years, which seemed to be getting progressively worse. 
She also gave a history of “colitis” of many years’ duration. She presented filmy white macerated 
areas on the hard palate and gingiva. Cultures made from these patches were positive for 
C. albicans. The stool cultures were also positive for C. albicans. Chest x-ray was negative. 
The mouth lesions were treated over a period of six months with gradual improvement, but 
the abdominal complaints continued. The patient was placed on the caprylic acid-resin complex, 
receiving four capsules four times a day, each containing 250 mg. of very finely powdered caprylic 
acid-resin complex in which the caprylic acid amounted to 121 mg. One week later the patient 
voluntarily stated that she had not felt as well for a year. The stools were reduced in number 
from six a day to two or three, and the abdominal cramps were disappearing. One month later 
a report culture of the stool was negative for C. albicans, and all abdominal symptoms had 
vanished. 

SUMMARY 


A new treatment agent for intestinal moniliasis is described, consisting of satu- 
rated complexes of an acid-adsorbing resin and certain fatty acids, particularly 
caprylic acid and its nearby homologues and undecylenic acid. The caprylic acid- 
resin complex appears to be definitely superior to the undecylenic acid complex. 
Three cases of severe intestinal moniliasis treated successfully with the new drugs 
are reported. In none of the cases studied were there any undesired side reactions 
due to the treatment agent. 
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> VEN UNDER ideal circumstances the management of patients who have chronic 
renal insufficiency is extremely difficult, and attempts to arrest the inexorable 
course have, in general, met with little success. 

In recent years, efficient and more hemodialyzers have been devised,* and wide- 
spread interest has centered around their use in many conditions,7 including the syn- 
drome of chronic uremia.t When hemodialysis is used in the treatment of chronic 
uremia, blood levels of accumulated metabolites are reduced, blood electrolyte concen- 
trations frequently return to normal, and clinical improvement occurs in most cases. 
The accomplishment of these effects, regardless of the method of dialysis employed, is 


only a partial therapeutic approach to the problem involved in the treatment of these 
patients. However, as has been pointed out,$ this method of therapy may have 
definite value in the management of selected cases of chronic renal insufficiency. 

In an effort to assess the efficacy of the artificial kidney in the treatment of various 
types of chronic renal insufficiency and to aid in the achievement of suitable and 
timely case selection, our experience at Brooke Army Hospital and the experience of 


others will be summarized. 
METHOD 


The Kolff-Brigham artificial kidney with the most recent improvements 15 was used in these 
studies. In general, previously outlined techniques 2 for the use of this apparatus were followed, 
and a minimum of technical difficulty was encountered. The dialysis time averaged slightly 
longer than six hours, and the blood flow through the machine was approximately 200 cc. per 
minute. During the six-hour dialysis new baths were used at regular intervals, as advocated by 
Wolf 16; usually two-hour intervals were chosen in our studies. In general, the concentrations 
of the bath constituents approximated those which have been advocated: Na*, 140 mEq.; K*, 
4 mEq.; Ca**t, 2.6 mEq.; Mg**, 2.1 mEq.; HCO:, 27 mEq., and Cl-, 121.5 mEq. per liter and 
glucose, 200 mg. per 100 cc. Very frequently, however, there were variations of these “normal” 
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Dr. Goldner is Senior Assistant Resident, Department of Medicine, Vanderbilt University 
Hospital ; Dr. Gordon is Clinical Instructor, Yale and Columbia Universities, Mt. Kisco Medical 
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* References 1, 2, 3, 4, 5, 6, and 7. 
+ References 8, 9, and 10. 
t References 6, 7, 11, 12, 13, and 14. 
§ References 11, 12, and 13. 





Estimated 
Duration 
of Renai 

Insufficiency 


1+ yr. 


3 mo. 


20 mo. 


lyr. 


2% mo 


3 yr. 


5 mo. 


3+ mo. 


Autopsy: 


TasLe 1.—Analysis of Cases of Chronic Renal 


Diagnosis 
Congenital absence of left kidney; 


small contracted right kidney; acute and 
chronic pyelonephritis 


Clinical: 


subacute and chronic glomerulo- 


nephritis 


Autopsy: 


Bilateral necrotizing papillitis; sup- 


purative pyelonephritis; interecapillary glomer- 
ulosclerosis; pelvic abscess 


Clinical: 
Autopsy: 


Malignant hypertension : 
Necrotizing arteriolitis; cranial 


meningioma 


Autopsy: 


Advanced nephrosclerosis; basilar 


artery thrombosis; acute myocardial infare- 
tion; perforation of colon; peritonitis 


Autopsy: 


Polycystic kidney disease with in- 


fected cysts and psoas abscesses 


Autopsy: 


Systemic amyloidosis, practically all 


glomeruli and tubules replaced by amyloid 


Autopsy: 


Polycystic disease of kidneys and 


liver; infected cysts; renal abscesses; mod- 
erately severe arteriosclerosis 


Autopsy: 


Chronie glomerulonephritis; severe 


arteriosclerosis; partial necrosis of left parie- 
tal lobe of cerebrum 


Clinical: 
Autopsy: 


Clinical: 


Malignant hypertension 
Necrotizing arteriolitis 


Intercapillary glomerulosclerosis; 


Complicating Factors 


Frequent convulsions; pyuria; 
mild subarachnoid bleeding; 
ecchymoses 


Pyrexia 


Convulsions during dialysis; 
eechymoses 


Peritonitis; diabetes mellitus; 
septicemia 


Hypertensive encephalopathy 


None 


Severe renal and perirenal in- 
fection; pyrexia; massive 
hematuria 


Active leprosy with pyrexia, 
pyuria, convulsion 


Frequent convulsions 


Pyuria; pyrexia 


Pyuria; convulsions 


Pyuria 


Pyuria; hematemesis 


chronic pyelonephritis 


5+ yr. Autopsy: Arterioarteriolar nephrosclerosis; None 
secondary pyelonephritis; diverticulosis; 


cholelithiasis; uremic pericarditis 


Pyuria; probable meperidine 
overdosage 


Thiocyanate intoxication 


Autopsy: Severe chronic pyelonephritis with Anasarca; pyuria; melena 


secondary nephroarteriosclerosis 


Pyuria; severe disabling 
anasarca; severe peripheral 
neuritis 

Convulsions; hypertensive 


encephalopathy; melena; 
severe pyuria 


Autopsy: Advanced chronic arterioarteriolar 
nephrosclerosis, adrenocortical adenoma 


15 62 M lyr. Clinical: Chronie glomerulonephritis None 


* Death was due to acute peritonitis, perforated colon, shock, and myocardial infarction. 

+ Patient had a “lower nephron nephrosis” and another dialysis 51 days prior to this dialysis. 

?6% dextran was added to dialysate for 75 minutes of dialysis and 3,000 mg. per 100 ce. dextrose was added for final 60 min- 
utes in an attempt to mobilize body water. 

§ Urea was added to dialysate. 





Insufficiency Treated with Hemodialysis 


Chemical 
Length of Response Length of 
Blood Clinical (BUN, Life After 
Degree of Pressure, Dialysis Remission, Mg./100 Ce. & Dialysis, 
Anemia Av. No. Clinical Response Days CO2, mEq./L.) Days 
Moderate 160/120 1 Unable to evaluate because of postictal Unable to BUN 208-34 (Second 
confusion and nausea from I. V. chlo- evaluate COeg 18-22 dialysis 
ramphenicol; convulsions ceased 7 days 
later) 
Moderate 154/112 Unable to evaluate because of postictal Unable to BUN 419-112 20 
stupor evaluate CO2 10-13 


Severe 160/20 Weakness, nausea, vomiting, all decreased; 5- BUN 164-54 33 
more alert COz2z 11-19 


Moderate 165/110 Much more alert, stronger 2% BUN 190-49 
CO2 15-22 


Severe 210/130 f Felt generally better, strength improved, 4 BUN 188-98 
much more alert CO2 32-22 


Moderate 240/140 Exeellent; appetite, strength improved; BUN 161-47 
abdominal pain disappeared; alert CO2 26-26 


Severe 180/100 Stronger, more alert; improved appetite y BUN 202-85 
COz 9-21 


Severe 140/106 More alert; strength, appetite improved; { BUN 111-45 16 
nausea and vomiting subsided CO2 14-23 


Severe 180/100 Excellent; more alert; weakness, appetite BUN 172-51 (Second 
all greatly improved; no further con- COe 9.5-19 dialysis 
vulsions; nausea and vomiting subsided 112 days 

later) 

Severe / More alert; weakness, nausea, vomiting 5-6 BUN 209-44 18 
partially subsided; appetite improved CO:e 6-21 
slightly 


Severe 5/ Strength and appetite improved; more BUN 141-43 
alert; nausea and vomiting subsiding COe 29-28 


22 


Severe 240/120 y Strength, appetite improved; more alert BUN 218-79 
COz 29-28 


Severe 210/105 Alert, cheerful; appetite, strength, im- 2 BUN 101-32 41 
proved; nausea and vomiting subsided COe2 15-20 


Moderate 208/112 Excellent; strength, appetite, improved; BUN 100-30 (Second 
nausea and vomiting subsided; more COz2 18-26 dialysis 
alert 76 days 

later) 


Moderate 230/105 Strength, appetite improved, nausea and 56 BUN 122-53 (Third 
vomiting and tremulousness subsided COz2 10-20 dialysis 

69 days 

later) 


Severe 220/110 Tremulousness, muscle cramps, nausea and § BUN 153-37 32 
vomiting, all improved CO2 13-23 
(thiocyanate 15.1 
mg.-1.6 mg./ 
100 ee.) 


Severe Excellent strength; appetite improved; 5 BUN 131-33 (Second 
alert and cheerful COe 18.7-24.2 dialysis 
51 days 
later) 
Severe 190/100 Edema reduced, strength, appetite and BUN 127-91§ 18 
mental state improved; oliguria per- CO2z 17-23 
sisted 
Severe 190/110 Excellent; much more alert; nausea, vom- BUN 92-38 50 
iting, and appetite improved; cheerful CO2 26-25 


Moderate 170/85 Excellent; sense of well-being and strength Not yet BUN 69-24 Living 
greatly improved known CO2 23-25 
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concentrations in accordance with the electrolyte determinations of the patient’s plasma, as mea- 
sured on the day before hemodialysis. Blood chemistry studies were done at the beginning and 
end of each procedure. One patient (Case 12) had an initial blood thiocyanate level of 15.1 mg. 
per 100 cc. and a postdialysis level of 1.6 mg. per 100 ce. Each patient was given 100 mg. of 
heparin through the venous cannula at the onset and 10 mg. hourly throughout the procedure. 
Some patients were given mild sedatives before and during dialysis. Minor untoward reactions in 
the patients were seldom seen, and gross hemolysis was not noted. 


CLINICAL MATERIAL 


In the 15 patients treated, most of whom had been on vigorous medical regimens, there was 
a widespread spectrum of renal pathologic entities; the majority of these were verified at 
autopsy (Table 1). Five patients had chronic glomerulonephritis (two of whom also had 
pyelonephritis) ; two had necrotizing arteriolitis (malignant hypertension) ; two had polycystic 
disease; two had advanced nephrosclerosis; one had congenital absence of one kidney and far 
advanced pyelonephritis; one had necrotizing papillitis, chronic pyelonephritis, and advanced 
nephrosclerosis; one had amyloid disease, and one had intercapillary glomerulosclerosis and 
chronic pyelonephritis. It should be emphasized that most of the patients studied were considered 
to have renal insufficiency of a terminal nature. The youngest patient in this series was 9 years 
of age; the oldest was 68. 

In Table 1 the “complicating factors” which existed in these patients at the time of dialysis 
are listed. Many of these factors are related te the uremic syndrome, whereas others are 
completely unrelated. Eight of these patients had convulsions, presumably secondary to renal or 
vascular disease, before the time of hemodialysis. Many patients had bleeding tendencies, as 
was evidenced by the presence of ecchymosis or mild hematemesis. Severe infection was quite 
evident in three patients. Two of these patients (Patients 6 and 9) had multiple renal abscesses, 
and one of the two also had psoas abscesses. The third patient (Patient 3) had a pelvic abscess 
and septicemia. Twelve patients had pyuria. 

Before dialysis a moderate degree of anemia (defined as a hemoglobin level between 8.5 and 
11 gm. per 100 cc.) was noted in seven instances. A severe anemia (a hemoglobin level of 8.5 
gm. per 100 cc. or less) was found before the remaining 13 dialyses. All the patients had 
hypertension, and this was often quite severe. Hemorrhages and exudates were observed in the 
fundi of seven of the patients, and arteriolar narrowing of the fundic vessels was demonstrated 
in almost every case. Many of the patients were not edematous and had an adequate urinary 
volume. However, none of the patients was considered to have polyuria. 

The estimated duration of renal insufficiency (Table 1) was based upon the time interval 
from the first recorded elevated blood urea nitrogen level (or, in some instances, the advent of 
symptoms of uremia) to the day of dialysis. This time interval varied from approximately two 


and one-half months to as long as five years. 


RESULTS 

The levels of plasma urea nitrogen and plasma carbon dioxide immediately before 
and after each dialysis are presented in Table 1. Precipitous decreases in the plasma 
urea nitrogen values occurred in every instance, and an abrupt increase in the carbon 
dioxide content of the plasma occurred in all cases in which the initial level was low. 
In Table 2 average changes in the concentrations of seven plasma constitutents, as 
measured at the beginning and at the end of dialysis, are shown. The average depres- 
sion in plasma nonprotein nitrogen was 130 mg. per 100 cc. ; in plasma urea nitrogen, 
111 mg. per 100 cc. ; in plasma creatinine, 7.9 mg. per 100 cc., and in inorganic phos- 
phorus, 4.7 mEq. per liter. The average elevation in plasma sodium was 9.1 mEq. 


per liter ; in plasma carbon dioxide, 7.5 mEq. per liter, and in plasma chloride, 12.3 


mEq. per liter. 
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A mild postdialysis oliguria, lasting a few days at most, was present after 8 of the 
20 dialyses. A moderate pressor response was noted during 7 of 18 dialyses; in 2 


dialyses the presence or absence of this type of response was obscured by other 


factors. || 

Before and aiter dialysis patients were evaluated for the following symptoms: 
weakness, nausea and vomiting, anorexia, drowsiness, or apathy, convulsions, abdom- 
inal pain, pruritis, and hiccoughs. As shown in Table 1, gratifying initial symptomatic 
responses were noted after 18 of the 20 dialyses. Symptomatic evaluations were not 
possible after the remaining 2 dialyses, because of protracted periods of postictal 
stupor. This condition existed after the first dialysis in Patient 1, who had a series 
of convulsions during the day before dialysis. He gradually regained consciousness, 
and further convulsions did not occur before the second dialysis. The usual sympto- 
matic improvement occurred after his second dialysis. The second case of postictal 
stupor was in Patient 2, a boy 9 years of age, whose first convulsions occurred during 
dialysis, without a simultaneous increase in blood pressure. 

After 13 of the dialyses the symptomatic remission was short-lived. The shortest 
remission, less than two days, occurred in a patient who had malignant hypertension. 


TABLE 2.—Average Changes in Blood Chemistry Values Affected by Dialysis 


Determination No. of Dialyses Elevation, Av. Depression, Av. 


BUN, mg./100 ce. 19 111 
Creatinine, mag./100 66. ..cciccccccccces 18 si 7.9 
pe A 15 oer 130 
Py ME AG asada cis 15 4.7 
Sodium, mEq./I 16 

COz, mEq./L. ........ 14 

a RNONICHIAY LGCkiv sw c¥ i wessuvacbenneieve 17 


The average duration of these short-lived remissions was slightly longer than three 
days. The average duration of life after these 13 dialyses was approximately 21 days. 
Two of the patients ( Patients 3 and 4) lived only four days after hemodialysis. 

After seven of the dialyses longer symptomatic remissions occurred. The longest 
lasted 104 days. One of the remissions classified in this long-term group (Patient 5, 
Dialysis 6) lasted only 20 days, and the death, attributable to myocardial infarction 
and peritonitis, occurred shortly thereafter. At the time of death symptoms associ- 
ated with uremia had not recurred. 

In several cases the postdialysis clinical remission permitted serious consideration 
of definitive surgical treatment ( Dialyses 7, 9, and 19) and/or more extensive diag- 


nostic procedures ( Dialyses 1, 4, 17, and 19). 


‘OMMENT 
This series of cases was comprised mainly of patients whose condition had deteri- 
orated rapidly and who were considered to be in the terminal stage of their disease. 
The preponderance of patients who had severe anemia, severe vascular disease, and 


|| Both the pressor response to dialysis and postdialysis oliguria have been described by 
Merrill. He feels that postdialysis oliguria can often be abolished by dialyzing with an “isourea” 
bath.11 In two patients it was our impression that the pressor response was amenable to the 
judicious periodic administration of hexamethonium bromide given intravenously during the 
procedure. In our cases, there was no striking correlation between the occurrence of a pressor 
response and either the flow rate or the plasma sodium concentration. 
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convulsions before dialysis is striking. Corroborative evidence of terminal disease is 
found in the severity of the lesions seen at necropsy. This may well explain the fact 
that, after a short clinical remission, the average length of survival after 12 of the 20 
dialyses was only 21 days. It is often the case in any extensive procedure which is 
new in a hospital that the first patients treated are, for the most part, those who have 
hopeless prognoses. 

Although most of the patients in this series had terminal uremia, with many grave 
complications, gratifying symptomatic responses were noted immediately (within 12 
to 48 hours) after 18 of the 20 dialyses. After the remaining two dialyses (Dialyses 
1 and 3) postictal stupor prevented accurate evaluation. The consistent immediate 
response in the 18 dialyses was characterized by a definite improvement in some or 
all of the symptoms which were evaluated. The onset of this improvement was usually 
evident within the first 24 hours. Even when the improvement was of short duration, 
it was frequently dramatic, and it appeared to be much more significant than it would 
have been had it been a psychosomatic response to a new and lengthy procedure. 


The duration of the clinical remission could not be correlated satisfactorily with 
either the severity of anemia or the degree of hypertension. In addition, there was no 
correlation between the duration of clinical remission and the level of either the pre- 
dialysis or postdialysis blood urea nitrogen or plasma carbon dioxide content. The 
patient who had the longest remission ( Dialysis 9) had one of the lowest predialysis 
plasma carbon dioxide levels, 9.5 mEq. per liter. Those patients in whom there was 
rapid clinical or chemical deterioration during the few days before hemodialysis (dial- 
yses 4, 5, 12, and 16) uniformly had a short-lived clinical response. Although the 
patients who had long-term remissions often had the same severe symptoms before 
dialysis as those who had short-term remissions, they appeared to have reached more 
of a clinical and chemical “plateau” in the course of their disease and did not have 
severe complications. Only brief clinical remissions were evident in those patients 
who had overwhelming infections (Dialyses 4, 7, and 10), irrespective of the offend- 
ing focus. The predialysis plasma sodium concentration was more than 130 mEq. per 
liter in 6 of the 7 instances of long-term remission, whereas it was less than 130 mEq. 
per liter in 9 of the 13 short-term remissions. This suggests that those patients who 
have a refractory hyponatremia will realize only short-lived clinical improvements 
after dialysis. 


It has been emphasized that polyuric uremic patients tend to have longer sympto- 
matic remissions.’? In addition, Merrill ?* and Kolff ** have noted that patients who 
have a significant degree of generalized vascular disease have a tendency toward 
a shorter postdialysis remission than those in whom vascular disease is not a 
prominent feature. An analysis of our data lends support but does not warrant con- 
clusions on either of these two points. However, in our experience patients who had 
rapidly progressive vascular disease had very short remissions (Patients 4 and 10). 


The longest symptomatic remission in this series was three and one-half 
months § ; however, remissions of several months or more have been reported.’ In 
these remissions the return of the blood chemical concentrations to predialysis levels 
often precedes the return of symptoms of uremia." 


Lengths of the remission of dialysis No. 20 is not yet known. 
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It becomes apparent that patients might be considered for dialysis much earlier 
in the course of chronic renal insufficiency (Cases 12 and 15). These patients 
could be dialyzed at intervals determined by blood chemistry values rather than by 
the usual criteria of recurrence of symptoms. Two or three days of hospitalization 
per dialysis would suffice. If the functional derangements at the cellular level are 
resultant from abnormalities in electrolyte and nonelectrolyte concentrations,# this 
routine of dialysis (tending to maintain these concentrations near normal) may prove 
to be prophylactic against the development of the hematologic,’® cerebral,?° myocar- 
dial and vascular aspects of uremia and the final phase of rapid degeneration. 
Repeated dialysis in these patients, even if progressively less rewarding, would at 
least add comfort to the remaining months or years of life. In addition, repeated 
early dialyses would afford unusual opportunities to study the effect of chemical 
improvement on the various aforementioned aspects of uremia, including renal 
function itself (Case 15). 

In cases of chronic uremia hemodialysis can be employed to prepare patients for 
surgical procedures.'! This consideration is especially important when the purpose 
of the operative procedure is to improve renal function. Hemodialysis might also be 
utilized to prepare patients for other procedures, such as the isolation of a segment of 
the small bowel for intestinal perfusion* or for operations with similar aims. After 
operative procedures it may be used to maintain patients over a period of temporary 
increase in the severity of renal insufficiency. As Merrill and Alwall suggest,7 similar 
reasoning can be applied to patients who have a fair renal reserve but who have 


temporary exacerbations of their primary renal disease. 
At the present time, therefore, the rationale for using the artificial kidney for the 


treatment of patients with chronic renal insufficiency can be broken down into four 
main categories : 

(1) to obtain prolonged remissions in selected patients. The factors which appear to 
predispose to a prolonged remission are (a) a general symptomatologic and chemical “plateau” ; 
(b) the absence of severe generalized vascular disease, even though hypertension is present; (c) 
the absence of overwhelming infection or septicemia; (d) polyuria, and (e) a predialysis serum 
sodium level above 130 mEq. per liter. 

(2) to prepare patients for indicated surgical procedures. 

(3) to maintain patients in whom the delicate state of equilibrium in renal function is 
temporarily upset. 

(4) to delay the progress of physiologic abnormalities and the advent of more pronounced 
symptoms in relatively asymptomatic patients. This rationale bears further investigation. 

It should be emphasized, however, that any contraindication to heparization is 
a contraindication to hemodialysis." The cause of the hemorrhagic diathesis of 
chronic uremia is not established.*® However, we have not considered minor ecchy- 
moses and hematemesis as a contraindication to heparinization in the dosage outlined. 
Kolff states that the hemorrhagic diathesis is nearly always improved by dialysis.t 

Hemodialysis with the Kolff-Brigham artificial kidney cannot be regarded as a 
substitute for a carefully planned dietary regimen or for the rigid control of fluid 
and electrolyte balance.§ Because of its effect on the nausea and vomiting of uremia, 


# References 17 and 18. 

* References 6, 14, and 20. 

+ References 21 and 22. 

t¢ Kolff, W. J.: Personal communication to the authors. 
§ References 23, 24, 25, 26, and 27. 
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hemodialysis potentiates the feasibility of such regimens. Similarly, other approaches 
to therapy, such as the search for surgically and medically remediable causes of ure- 
mia ** and the employment of blood transfusions and medications °° aimed at main- 


taining physiologic homeostasis, should not be disregarded. 

In order to demonstrate some of the clinical problems which must be taken into 
account in considering patients for dialysis, brief case summaries of two patients who 
had short-lived remissions (Patients 3 and 10) and three patients who had prolonged 
remissions (Patients 8, 12, and 15) are presented. 

REPORT OF CASES 
Case 3.—A housewife, 24 years of age, had a history of diabetes of 11 years’ duration and a 
history of hypertension of two to three years’ duration. Three months before hemodialysis, in 


the third month of her only gestation, hysterotomy, tubal ligation, and appendectomy were 
performed. The blood urea nitrogen was 30 mg. per 100 cc., and phenosulfonphthalein excretion 
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Chart 1 (Case 3).—Chemical response to hemodialysis of a 24-year-old woman with necrotiz- 
ing papillitis. 
was 25% in two hours. Three weeks later an abdominal incision was made and 400 cc. of pus 
were drained from the left lower quadrant. Six weeks before dialysis the abdomen was reopened 
because of persistent fever and the questionable presence of a mass in the left upper quadrant 
of the abdomen. Purulent material was not found. Blood cultures had revealed Staphylococcus 
albus, which was sensitive to chloramphenicol and to bacitracin. Four weeks before dialysis the 
patient became afebrile and was cheerful and ambulatory. However, two weeks later she became 
disoriented and her blood urea nitrogen increased rapidly from 20 mg. to 98 mg. per 100 cc. 

She was then transferred to Brooke Army Hospital. Physical examination revealed a blood 
pressure of 180/120, old retinal hemorrhages, marked retinal arteriolar narrowing, a loud mitral 
systolic murmur, and a presystolic gallop rhythm. Edema was not evident. The hemoglobin 
level was 10.5 gm. per 100 cc., and there was microscopic pyuria. Urine culture revealed hemolytic 
Pseudomonas and Candida albicans. During the ensuing nine days, despite adequate hydration 
and chemotherapy, the azotemia and acidosis increased and the patient became more somnolent 
and stuporous. Dialysis for six hours with the artificial kidney was performed, with excellent 
chemical and clinical results. The patient was more alert for approximately two and one-half 
days after dialysis, despite a marked postdialysis oliguria. After that, however, she became more 
stuporous and complained of pain in her chest. She died four days after dialysis. 
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Autopsy Findings —Both kidneys showed necrotizing papillitis and acute suppurative 
pyelonephritis. There was also a pelvic abscess, severe cystitis, and marked sclerosis of the 
coronary arteries. 


Comment.—This case illustrates the short-lived response to hemodialysis when 
the renal insufficiency is rapidly progressive and when an overwhelming infection 
coexists. Despite the presence of these complicating factors, a good clinical and chemi- 


cal response was achieved. 


Case 10.—A Negro man, 34 years of age, was asymptomatic until five months before 
hemodialysis, when gross hematuria developed. Physical examination three months before dialysis 
revealed a blood pressure of 240/120 and hemorrhagic exudates in the fundi. In the next few 
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Chart 2 (Case 10).—Chemical response to hemodialysis of a 34-year-old man with malignant 
hypertension. 


weeks frequent headaches, progressive weakness, marked nausea, severe anorexia, pruritis, and 
slight ankle edema developed, and a uremic odor of the breath was noted. There was microscopic 
hematuria and pyuria, and a urine culture was positive for hemolytic Staphylococcus aureus. 
A gallop rhythm developed, and the patient was digitalized before dialysis. He had a six-hour 
hemodialysis, during which a mild pressor response appeared to be attentuated by small inter- 
mittent intravenous doses of hexamethonium bromide. The day after dialysis he was able to eat 
breakfast for the first time in several days and he felt stronger. For three and one-half days 
after dialysis the general improvement in strength was noteworthy and the appetite was fair. 
Multiple blood transfusions were administered after dialysis, but the hemoglobin remained at 
7.5 gm. per 100 cc. Four days after the procedure, signs and symptoms of acute pericarditis 
developed ; nausea and weakness, as well as acidosis and azotemia, recurred. The patient became 
disoriented and tremulous and died on the eighth postdialysis day. 
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Autopsy Findings.—The kidneys showed necrotizing arteriolitis. They weighed 200 gm. each 
and had punctate surface hemorrhages. The smaller arteries showed hyaline necrosis, and there 
was marked arteriolar intimal proliferation. The heart was enlarged, and the coronary arteries 
showed marked sclerosis. 


Comment.—In the terminal phases of malignant hypertension, this patient had 
three and one-half days of improvement after a six-hour hemodialysis. Dorsolumbar 
sympathectomy was considered as an emergency palliative measure during this remis- 
sion. The recalcitrant anemia became the most influential factor in the decision not 
to operate, and the onset of pericarditis four days after dialysis heralded rapid clinical 
deterioration. 

Case 8.—A woman, 68 years of age, had a history of progressive renal insufficiency of three 
years’ duration. Marked weakness and moderate anorexia developed. Physical examination 


revealed a very frail and thin old woman. The blood pressure was 180/100, arteriolar narrowing 
was noted in the optic discs, and there were large masses in the hepatic and renal areas. Convul- 
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Chart 3 (Case 8).—Chemical response to hemodialysis of a 68-year-old woman with poly- 
cystic disease. 


sions occurred during the two days before the first dialysis and just before and during the 
procedure but did not occur thereafter. Within two days after the dialysis the patient felt 
stronger than she had felt in weeks; she was again alert and her other symptoms were greatly 
improved. She lived a fairly normal life for about 104 days. During this time she was given a 
brief course of chloramphenicol for a urinary tract infection. She had a second hemodialysis 
122 days after the first procedure; the symptomatic response was fair but lasted only five or six 
days. During her last hospital stay she had profuse pyuria. She died 18 days after the last 
dialysis. 

Autopsy Findings.—The kidneys revealed bilateral polycystic disease. The right kidney 
weighed 1,760 gm.; the left weighed 1,520 gm. Both were honeycombed with cysts which 
completely destroyed the normal structure. Purulent material was present in many of the cysts, 
and abscesses were present between the cysts. Multiple cysts of the liver and moderately severe 
generalized arteriosclerosis were also noted. 


Comment.—This patient was 65 years of age before she had any symptoms which 
might be attributed to renal insufficiency. She had severe anemia, marked acidosis, 
and a moderate degree of hypertension. She was in impending status epilepticus 
before the first hemodialysis. Subsequent convulsions did not occur during the 129 
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days of life after this dialysis. During the remission from the first dialysis a surgical 
procedure to relieve intrarenal pressure was considered but the patient refused. The 
poor response to the second dialysis was believed to be primarily the result of an 
overwhelming renal infection in addition to the progression of renal insufficiency. 


CasE 12.—This patient was an Army colonel, 51 years of age. When he was 32 years of 
age, it was found that he had proteinuria. At 49 years of age, his blood pressure was 220/110 
and he began to have severe occipital headaches. During the three or four years before dialysis 
he had several episodes of chills, fever, and flank pain. A retrograde pyelogram, which precipitated 
one of these episodes, revealed small kidneys with normal calyces and no urinary tract obstruc- 
tions. Seventeen months before hemodialysis results of blood urea nitrogen and urea clearance 
tests were normal and there was no anemia. During the next several months the patient had 
hyporexia, weight loss, easy fatigability, exertional dyspnea, and muscle cramping. 

Physical examination revealed hemorrhages and exudates in the fundi, an apical systolic 
murmur, and a uriniferous odor of the breath. Edema was not evident during the few months 


before dialysis. 
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Chart 4 (Case 12).—Chemical response to hemodialysis of a 51-year-old man with chronic 
glomerulonephritis. 


The patient was treated at intervals with oxytetracycline (Terramycin) and chloramphenicol 
for his urinary tract infection, and he was digitalized. He was given aluminum hydroxide gel, 
calcium lactate, and sodium bicarbonate, with little symptomatic improvement. 

About seven weeks before dialysis, while the patient was on a vacation, vomiting and mid- 
abdominal pain developed. The patient was treated with bed rest and blood transfusions. Three 
weeks before dialysis he had another episode of nausea, vomiting, and abdominal pain, which 
required hospitalization. Six days before hemodialysis a similiar episode occurred. Again, he 
improved in a few days. At this time he was given 1/6 molar lactate and dextrose solutions 
intravenously. The blood urea nitrogen decreased from 100 to 79 mg. per 100 cc. Although the 
patient felt stronger and much improved, dialysis was advised in an effort to avoid frequent 
episodes of nausea, vomiting, and abdominal pain. He had a seven-hour hemodialysis with 
the artificial kidney. The next day he felt much stronger and his appetite improved, and he 
gradually gained weight. For approximately eight weeks he was asymptomatic except for mild 
headaches. His symptoms, including vomiting and nausea, then began to recur, despite blood 
transfusions. Seventy-six days after the first procedure was performed he had a second 
hemodialysis, lasting eight hours. The patient required a total of 400 mg. of meperidine (Demerol) 
hydrochloride during dialysis for the relief of arterial pain at the site of the cut-down. By the 
third postdialysis day symptomatic improvement was noted. Sulfisoxazole (Gantrisin) and then 
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chloramphenicol were again instituted for a urinary tract infection. The patient’s only significant 
complaint was cephalalgia, which partially responded to sodium thiocyanate therapy. Because 
of the recurrence of the symptoms of uremia, including a marked tremulousness, a third dialysis 
was performed. The blood thiocyanate level dropped from 15.1 mg. to 1.6 mg. per 100 cc. 
Clinical improvement was short-lived, and the patient died 32 days after the last dialysis. 
Autopsy Findings —The kidneys were small and contracted and revealed severe arterio- 
arteriolar nephrosclerosis and secondary pyelonephritis. There was marked generalized arterio- 


sclerosis, and the heart showed evidence of severe uremic pericarditis. 


Comment.—It is believed that this patient’s life was prolonged several months as 
a result of dialysis. His symptoms of uremia responded to several hemodialyses, 
and the first response lasted for eight weeks. The delay in the response to the second 
dialysis was attributed largely to the effect of the cumulative dosage of meperidine. 
At the time of the first dialysis, the patient was relatively asymptomatic but he had 
just terminated his fortnightly hospitalization for nausea and vomiting. After 
dialysis, he felt stronger than he had felt in months, and hospitalization was not 
required for eight weeks. 

Case 15.—A salesman, 62 years of age, had no history of renal disease or streptococcal 
infections and was asymptomatic until approximately five months before dialysis, at which time 
he noted weakness, easy fatigability, and a uriniferous taste. His blood pressure was markedly 
elevated at the time, and he had 3+ proteinuria. He has had one episode of nausea and vomiting. 
The patient had responded readily to multiple transfusions. Physical examination shortly before 
dialysis revealed a blood pressure of 186/85, marked arteriolar narrowing of the fundic vessels, 
and a Grade II systolic murmur. Blood chemistry studies revealed a blood urea nitrogen of 76 
mg., creatinine of 8.3 mg., phosphate of 4.58 mg., and uric acid of 12.96 mg. per 100 cc. plasma. 
The electrolyte levels and carbon dioxide content were normal. The urea clearance was 12.4 cc. 
per minute, the endogenous creatinine clearance was 14.7 cc. per minute, and the phenosulfon- 
phthalein excretion was 5.5% in two hours. A 3,000 ce. fluid and 40 gm. protein high-carbohydrate 
high-fat dietary regimen was instituted, and 75 mg. of methylandrostenediol was given daily, sub- 
lingually. Although there was a noticeable decrease in the blood urea nitrogen, the blood 
creatinine level increased after a week, and repeat determinations of clearances of urea and 
creatinine after five days were unchanged. After dialysis the patient felt better than he had felt 
in months, his strength was greatly improved, and for the first time in months he had no 
uriniferous taste in his mouth. Repeat urea and creatinine clearance tests one day after dialysis 
showed a marked decrease, but by the next day they were only slightly lower than before 
dialysis. The phenosulfonphthalein excretion was unchanged. After two transfusions the 
hemoglobin concentration was only 10.7 gm. per 100 cc. The patient was put on a regimen 
which included the diet and fluid regulation similar to that instituted in the hospital, 20 mg. of 
cobalt ion (in the form of cobalt nitrate) daily for the anemia, basic aluminum carbonate, and 


methylandrostenediol, and was sent home. 


Comment.—Although this patient had no severe symptoms before dialysis, after 
dialysis he felt much better than he had felt in months. This clinical improvement 


should far outstrip the chemical remission. 


SUMMARY 
Favorable chemical responses were noted after 20 dialyses in 15 patients who 
had far-advanced renal insufficiency of varying etiology. After all 18 dialyses in 
which evaluation was feasible, the symptomalogic response was favorable. Short 
remissions occurred after 13 dialyses, and 7 dialyses resulted in long-term remissions. 
The artificial kidney is an important auxilliary in the treatment of chronic renal 
insufficiency. The four main indications or potential indications for its use are (a) 
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to obtain prolonged remissions in selected symptomatic patients, (b) to prepare 


patients for indicated surgical procedures, (c) to maintain patients in whom the deli- 


cate state of equilibrium in renal function is temporarily upset, (d) to delay the prog- 
ress of physiologic abnormalities and the advent of more pronounced symptoms in 
relatively asymptomatic patients ; more experience is needed to settle this point. 

The factors which appear to predispose to prolonged remission response are 
discussed. 

Although many patients with chronic renal insufficiency have been treated with 
the artificial kidney, the responses of more patients must be observed before the 
efficacy of dialysis in a given instance can be accurately predicted. 
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LCAPTONURIA is a disease rarely encountered in a general hospital. We 
have had opportunity recently to observe a patient with alcaptonuria and 
secondary ochronosis. Our patient came from a large family of siblings, and it 
was possible to study 42 of 46 persons in four generations of his family, in which 
four other cases of alcaptonuria and ochronosis were found. 
Before discussing these disorders it may be well to clarify our understanding 


of the terminology. 

Alcaptonuria is a hereditary metabolic disease in which the individual is lacking 
in a system, presumably enzymatic,’ required to break down homogentisic acid. This 
is one of the intermediate products of tyrosine metabolism, and hence the disease 
is characterized by the urinary excretion of abnormally large quantities of this acid. 


Ochronosis * is a disordered state in which there is a brown or black pigment 
deposit in certain tissues of the body, especially cartilage. In the case of ochronosis 
secondary to alcaptonuria, it is believed that the pigment is a polymer of homo- 
gentisic acid.’ Other causes of ochronosis are mentioned in the literature,} particu- 
larly that secondary to the administration of phenol compounds. In phenol-induced 
ochronosis it is doubtful if the pigment is the same as that of alcaptonuric ochronosis. 

In writing this paper we have several purposes in mind: (1) to present five 
previously unreported cases of alcaptonuria and ochronosis, (2) to add a pedigree 
of an alcaptonuric family to those already reported, (3) to review briefly the 
historical and clinical features of the disease, (4) to consider some of the clinical 
tests for alcaptonuria. 

The history of alcaptonuria and ochronosis has been recently reviewed by 
several groups.t 

Marcet, in 1823, is credited with noting a substance in urine which caused a 
black stain on cloth. Boedeker in 1861 7 named this reducing substance an “alkapton 
body.” In 1866 Virchow recorded the first case of ochronosis, describing the pigmen- 
tation of cartilage and other tissues. In 1891 Wolkow and Bauman determined 


the “alkapton” to be homogentisic acid. 


From the Medical and Pathology Services, United States Public Health Service Hospital ; 
Senior Assistant Surgeon and Resident in Medicine (Drs. Black and Duffy); Senior Assistant 
Surgeon and Resident in Pathology (Dr. Lowney). 

* References 2, 3, 4, and 5. 
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T. Barton Brune, of Baltimore, is said to have reported, in 1886, the first descrip- 
tion of a case of alcaptonuria in this country.§ It is rather interesting that this 
case was found while a routine urinalysis was being performed for an applicant 


for an insurance policy. 

Archibald Garrod * in 1902 reported on the incidence of aleaptonuria and again 
in 1909 considered the disease in his now famous werk on “Inborn Errors of 
Metabolism.” 

Osler in 1904 '' and Pope in 1906 '* described cases of ochronosis in the British 


literature. 

In 1922 Oppenheimer and Kline ? noted 40 cases of ochronosis in the literature 
at that time. 

Pomeranz, Friedman, and Tenick in 1941 '* stated that 100 cases of alecaptonuric 
ochronosis had been described by the time of their publication. Their paper considers 
in detail the radiological features of ochronosis. 

Smith in 1942'* reviewed the cases of ocular ochronosis and stressed its 
differentiation from other causes of pigmentation in the eye. 

For a more detailed historica! consideration, the reader is referred to the recent 
reviews of Galdston and co-workers ® and Coodley and Greco.* 


REPORT OF CASES 

Case 1 (Fig. 1, No. 7).—A 37-year-old merchant seaman entered the hospital on July 7, 
1952, complaining of constant low back pain, which he had had for two and one-half months. 
The pain followed a minor injury on board ship. The pain did not radiate and was not progres- 
sive. The patient had noted a bluish discoloration of his ears since age 20 and that his urine 
turned black on prolonged standing. Ten years before this admission the patient was found to 
have a reducing substance in his urine, which on further investigation at the Norfolk United 
States Public Health Service Hospital was found not to be glucose. A diagnosis of alcaptonuria 
was made at that time. Despite this, the patient had been told he had “sugar” in his urine on 
many routine examinations since that time. He is one of 12 siblings, of whom 2 to his knowledge 
are bothered with “back trouble.” 

Physical examination revealed a well-developed thin muscular white male. The cartilaginous 
portions of both ears revealed several bluish deposits measuring 2 to 3 mm. in diameter. There 
was limitation of motion of the lumbar spine in all directions, with tenderness to percussion 
over the third, fourth, and fifth lumbar vertebrae. There was slight prostatic hypertrophy 
Results of the remainder of the examination were within normal limits. 

Laboratory data included a white blood cell count and differential count, hemoglobin determi- 
nation, serology studies, and determination of uric acid and phenolsulfonphthalein excretion, 
which were within normal limits. Urinalysis revealed a few white blood cells per high power 
field on several examinations. The clinical tests for alcaptonuria were performed on the patient's 
urine: 1. A specimen turned dark upon standing for 24 hours, the process beginning at the sur- 
face and gradually extending downward. 2. The addition of sodium hydroxide to another specimen 
greatly hastened this change. 3. The addition of the patient’s urine to Benedict’s solution caused 
a reduction at room temperature, with a dark precipitate. 4. The patient’s urine did not reduce 
the bismuth salt often employed in the detection of glycosuria. 5. The addition of dilute ferric 
chloride to a specimen of the patient’s urine produced a transient blue color. 6. When 3% silver 
nitrate was added to the urine specimen a black precipitate was noted. 7. A drop of alkalinized 
urine caused the immediate appearance of a dark spot when placed on sensitized photographic 
paper. 8. The attempt was made to demonstrate chemiluminescence 9° by shaking a specimen of 
urine alkalinized with 10% sodium hydroxide in a photographic dark room. No luminescence 


was noted. 


§ References 7 and 8. 
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Chest x-ray and x-ray of the soft tissues of the ears revealed no abnormalities. X-rays of 
the lumbar spine revealed marked hypertrophic changes around the articular margins of the 
lumbar vertebrae, associated with calcifications of the intervertebral discs and longitudinal 
ligaments. X-rays of the thoracic and cervical spine revealed minimal hypertrophic changes. 

The course in the hospital was uneventful. The patient was treated w.th diathermy and 
salicylates, with partial, but not complete, relief of his back pain. It was felt that his arthritis 
represented a permanent disability, was not reversible, and should be treated conservatively. He 
was discharged on July 25, 1952, subjectively improved, as having received maximum hospital 
benefit. 

Case 2 (Fig. 1, No. 3).—A 43-year-old white man had noted over the course of “many years” 
that his urine turned dark after he voided. For the five years prior to this examination he had 
noted pain in the lumbar spine. In recent years he also had noticed that his ears were gradually 
turning dark. Examination confirmed the presence of dark auricular cartilage. A specimen of 
his urine gave the usual reactions of alcaptonuria, as described in Case. 1. The chemilumines- 
cence test was not tried. 

X-ray of the lumbar spine revealed marked calcification of the intervertebral discs; hyper- 
trophic changes of bony margins were noted in the lower vertebrae. 

Case 3 (Fig. 1, No. 6).—A 39-year-old married woman had noticed that her urine left stains 
on her underclothes 10 years before the examination at this hospital. She felt pain in her hips 
five years later. Two years after the onset of pain an x-ray of her spine was said to show 
“arthritis.” One year before her current examination she was told she had “sugar” in her urine, 
but a follow-up examination was said to be negative. On physical examination no changes were 


noted in her cartilages. Her urine gave the same reactions as those noted in Case 1, except 
for failure to yield black precipitate with silver nitrate. X-ray of the lumbar spine showed 
narrowing of the intervertebral spaces, with calcification of the cartilages and associated hyper- 
trophic arthritic spurring of the articular margins. 

Case 4 (Fig. 1, No. 10).—A 32-year-old white man had a history of dark urine dating back 
to childhood. His sister reported noting dark stains on his bed sheets when he was a baby. He 
had noted pain in the lumbar spine for three years. An x-ray two years after the onset of pain 
was said to show “arthritis of the spine.” No changes in the peripheral cartilage were seen on 
examination at this hospital. Urine from the patient gave the same reaction as in Case 1 and 
was considered typical for alcaptonuria. 

Roentgenography of the lumbar spine showed calcifications of some intervertebral discs, with 
generalized narrowing of the intervertebral spaces. Hypertrophic arthritic spurring of the 
margins of the vertebrae was found. 

Case 5 (Fig. 1, No. 12).—A 27-year-old white man had noted dark urine stains on his under- 
clothes for several years. He was told by a physician, he stated, that he had sugar in his urine, 
but blood sugar levels were said to be normal. He stated he had had pain in his spine for six 
months. Examination showed darkening of the auricular cartilage, bilaterally. Urine from the 
patient gave the same reactions as in Case 1. X-ray of the lumbar spine showed minimal calcifica- 
tion in the intervertebral disc region between the first and second lumbar vertebrae. No other 
abnormality was found. 

COM MENT 


Alcaptonuria occurs in both sexes but is more often seen in males, the ratio 
being 2: 1.1° The onset is usually noted in early childhood, with dark-staining urine 
on the diapers and bed clothes. Slightly more than 200 cases have been reported. 
Most cases have been in white persons, but Abbott reported two cases in Negroes.|| 


The defect is usually inherited as a Mendelian recessive trait. Hogben in 
1932 '§ reviewed 45 alcaptonuric families and found the character to be dominant 
in three families. That a single character may be dominant in one human pedigree 
and the same character be recessive in another human pedigree is a feature of 


human genetics.’® 


aR 
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Hall and co-workers *° have recently reported an excellent study of the inheri- 
tance of alcaptonuria in a family of over 300, with a total of 16 cases. 

We have presented in Figure 1 our findings in 42 persons in a family of 46. 
Our five cases were all among 12 siblings in the second generation. We regretted 
that death prevented a study of the mother of these 12. It is interesting that each 
of the five persons with alcaptonuria had demonstrable calcification of the inter- 
vertebral discs and, with the exception of one, had hypertrophic arthritis seen on 
x-ray of the lumbar spine. 

Of the remaining seven, lumbar spine roentgenograms were done on five and 
these were negative for pathology. 
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Fig. 1—Pedigree of an American family showing alcaptonuria and ochronosis. 


The clinical features of alcaptonuria are rather few. The defect per se presents 
little other than urine which turns black on standing and stains the clothing. The 
condition usually, if not always, is apparent from early childhood. 

Because of the presence of a reducing substance in the urine some of these 
people are thought to have diabetes mellitus at some time in their lives. Three of 
our patients were told at one time that they had “sugar.” 

Longevity is normal in aicaptonuria. However, alcaptonuric children may 
expect some difficulties during later life. Ochronosis is said to develop in about one 
half of persons with alcaptonuria.’* The arthritic symptoms usually occur during 
the third or fourth decade. In our cases the first symptoms were present in the spine. 
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Roentgenograms of the spine usually show degeneration and/or calcification of 
the intervertebral discs, associated with marked hypertrophic arthritis. All five of 
our patients demonstrated these findings on x-ray, as the accompanying pictures 
show. The destructive process may progress to ankylosis, resulting in a dorsal 
kyphosis and lumbar lordosis.'* Osteoporosis is often seen. 

The association of ochronosis with herniated intervertebral disc is not a com- 
monly reported finding, although Eisenberg has reported such a case.** 

The association of alcaptonuria and hyperuricemia has been reported by Leslie. 

In some cases the arthritis may involve hips or knees. Sutro and Anderson ** 
mention ochronosis as a cause of free intra-articular bodies in the knee joint. 

Pomeranz and co-workers '* note that the shoulder joint may be diseased, with 
narrowing of the joint space and spur formation. The same authors also report 
that calcific deposits may be seen in the quadriceps tendons. Small joints are 
seldom diseased, although Osler is said to have noted this occurrence. 

The pigmentation appears in many places other than the joint cartilage. Patients 
often are first observed because of the change in color of their ears. The deposit 
of ochronotic pigment is said to occur first in the concha and antihelix, later being 
noted in the tragus.1* The cartilage of the nose is usually involved. 

Smith ** reviewed the cases of ocular ochronosis in 1942. The pigmentation 
occurs in the sclerae in small patches, often triangular in shape, on the nasal and/or 
temporal sides of the limbus, with the base of the triangle towards the cornea.’* 
Grey sclerotics may be seen * or brown spots noted near the insertion of the rectus 
tendons.’* Skinsnes *° stresses the importance of differentiating ocular ochronosis 
from melanosarcoma. 

Pigmentation of ligaments is reported, this being especially noticeable over the 
knuckles of the hands. The skin is also said to be involved in the process of pigmen- 
tation,’® with bluish discoloration of the axillary and genital regions. The thenar 
and hypothenar eminences may be brownish in color." 

Pigmentation is reported in other areas. Young ** reports calculi of the prostate, 
containing ochronotic pigment. 

Involvement of the myocardium by ochronotic pigment has been mentioned. 
Pigmentation of atheromatous plaques in the aorta occurs. 

Clinical Tests for Alcaptonuria.—Most papers dealing with this subject list 
certain observations made on the chemical reaction of aleaptonuric urine. We have 
tried most of those listed in our five cases and have been impressed, as have others, 
by the lack of specificity of these tests. 


1. Oxidation: It is a universal observation that alcaptonuric urine turns dark 
on standing exposed to the air. The process begins at the surface of the liquid 
and proceeds downward. We found this “‘test’’ positive in all of our cases. 

It should be pointed out that porphyrin, melanin, phenol, and possibly excessive 
urobilinogen will also cause a urine specimen to turn dark on standing, and are 
other possibilities which should be considered in the presence of a positive reaction. 

The darkening of the specimen of alcaptonuric urine is supposedly due to the 
polymerization of homogentisic acid during the oxidation process. 

2. Sodium Hydroxide Test: The oxidation process is apparently hastened in 
an alkaline medium. The addition of sodium hydroxide is a simple means of making 
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this observation. This “test” was positive in all five of our cases. However, the 
lack of specificity of the reaction should be emphasized. It is known that alkaline 
solutions of di or tri hydroxy derivatives of benzene absorb oxygen from the air ?" 
with the production of dark-colored liquids and that this aerial oxidation is more 
marked with phenols containing two hydroxyl groups in the ortho or para position. 
Obviously, then, homogentisic acid is only one of many possible compounds that 
can give this reaction. 

3. Reduction of Alkaline Solution of Copper Salts: In our cases we used the 
routine Benedict test for urine sugar. In all five cases the addition of 8 drops of 
the urine caused a color change in 5 cc. of Benedict’s solution at room temperature. 

In this test any reducing substance could give a positive reaction but such sub- 
stances other than homogentisic acid would not be likely to be present in sufficient 
quantities to reduce Benedict’s solution immediately at room temperature. 

Homogentisic acid can be differentiated from sugar by the failure of the former 
to rotate polarized light and to give a fermentation reaction. 

4. Failure to Reduce Bismuth Salts: In our tests we used a commercial prepa- 
ration of dry bismuth oxychloride and sodium hydroxide—a test routinely employed 
for the detection of glucose in the urine. Alcaptonuric urine fails to reduce the 
bismuth salt, as was the case in our five patients. 

5. Ferric Chloride Test: Dilute ferric chloride is said to produce a transitory 
blue color when added to alcaptonuric urine. 

We were able to obtain a positive reaction in fresh urine from our patients, but 
when the urine was over 48 hours old we were unable to obtain the blue color with 
ferric chloride. 

This test also lacks specificity. Ferric chloride produces color with a variety 
of compounds,** such as phenol, benzoic acid, salicylic acid, and antipyrine. These 
colors vary from red to blue depending upon various factors. 

6. The Silver Nitrate Test: The reduction of silver nitrate in the cold is a 
characteristic of alcaptonuric urine. However, the precipitation of silver chloride 
will often interfere with the test. 

7. The Photographic Paper Test: In this test, as described by Fishberg,’ 
drop of alkalinized urine is placed on sensitized photographic paper. The presence 
of homogentisic acid is indicated by the immediate appearance of a coal black spot on 


a 


the paper. This test was positive immediately in all our five cases and was negative 
on all other urines tested. Fishberg tested diabetic urine, normal urine, and solutions 
containing high concentrations of vitamin C, and all were negative for this reaction. 
It is said that the hydroquinone reaction is responsible for the color change. In this 


reaction 

HO-phenyl-OH yields O = phenyl = O, 
with the release of [H*] ions, which reduce the silver salt in the sensitized paper, 
releasing metallic silver. Any compound with the (-OH) groups in the para position 
could conceivably give this reaction. 

8. Chemiluminescence Test: According to Abbott,*° during the oxidation of 
homogentisic acid light is emitted. If 5 cc. of the aleaptonuric urine is mixed with 
1 cc. of a 10% sodium hydroxide solution and shaken, a glow is noticeable in the 
frothy layer if the room is dark. 
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We were unable to produce this reaction in our Case 1 and unfortunately did 
uot try it in the other cases. 

9. The Fluorescence Test: Coodley and Greco * have observed that alcaptonuric 
urine fluoresces a dark green under a Wood filter lamp. When alkalinized, this urine 
fluoresced a light green. We have had no experience with this test. 

10. Other Tests: We have not tried the reaction with Millon’s reagent or silver 


lactate as mentioned by others. 


QUANTITATIVE ESTIMATION OF HOMOGENTISIC ACID 

As pointed out by Janney,” the definite diagnosis of aleaptonuria can be made 

only by the isolation of homogentisic acid in the urine. In our case, we did not 

isolate homogentisic acid but did measure the homogentisic acid output by Briggs’s 
method.** 

Homogentisic acid will reduce phosphomolybdic acid at room temperature to 

form a blue color that may be read quantitatively by means of a colorimeter or 


spectrophotometer. 
Hydroquinone will also reduce phosphomolybdic acid to give a similar color 
and may be used as a standard. A conversion factor is necessary, as 1 mg. of hydro- 


quinone is equivalent to 0.79 mg. of homogentisic acid. 

Using the Briggs method as described by Dukes,** we found that 3 gm. of homo- 
gentisic acid was present in a 24-hour urine sample in Case 2. Phenol, cresol, 
resorcinol, and uric acid will also reduce the phosphomolybdic acid and may cause 
a slight (1%) error. 

METABOLISM OF TYROSINE 

The metabolism of tyrosine has been well reviewed elsewhere.# It may be of 
value to reiterate briefly some of the newer concepts with respect to the metabolic 
chain involving homogentisic acid. 

In Figure 2 this attempt has been made. 

It has been indicated that phenylalanine yields homogentisic acid only by first 
forming tyrosine.** Several metabolic chains may be followed which begin with 
tyrosine. The excellent paper of Lerner ** describes some of the steps involved in 
the development of “melanin” from dopa, and these are shown in Figure 2. 

In the case of the homogentisic acid pathway, experiments with radioactive 
carbon (C' and C'*) have established some facts. In the steps from tyrosine to 
homogentisic acid Schepartz and Gurin have shown *® by the use of C'*-labeled 
carbon atoms that the side chain must shift on the benzene ring as shown at (a) in 
Figure 2. 

It has also been shown * that in the breakdown of homogentisic acid the ring 
must be separated between carbons 1 and 2, as indicated at (>) in Figure 2. 

The work of Lerner ** with a C'*-labeled ring and a C'*-labeled side chain has 
shown the route of the various carbon atoms of homogentisic acid in the breakdown 
of this substance. The work of Ravdin and Crandall ** has demonstrated that this 
breakdown is probably accomplished by an oxidative enzyme, resulting in the 
———————— 

# References 5 and 34. 


* References 34 and 36 





A, M. A. ARCHIVES OF INTERNAL MEDICINE 


formation of a diketo-dicarboxylic acid. Their work further indicates that a hydro- 
lytic enzyme acts on the diketo-dicarboxylic acid, as shown at (c) in Figure 2, 
resulting in the formation of fumaric acid and acetoacetic acid. 


THERAPY 


Before discussing therapy it is well to ask what we are treating. It has repeatedly 
been pointed out that simple alcaptonuria is a symptomless disorder, except for the 
black urine. The disability that these patients manifest results from the severe 
arthritis of the spine and weight-bearing joints, which seems to be associated with 
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Fig. 2——Metabolic pathways of tyrosine. 


the presence of ochronotic pigment in the cartilages, although the relationship of 
arthritis and pigmentation is sometimes inverse.° 

Perhaps then, the disability may be averted by (1) decreasing production of 
homogentisic acid; (2) promoting the further metabolism of homogentisic acid; 
(3) preventing the deposit of ochronotic pigment, presumably due to the polymeriza- 
tion of homogentisic acid, in the cartilages of the spine and weight-bearing joints ; 
(4) preventing the development of arthritis. 

In regard to the first possibility, the only apparent ways of preventing the pro- 
duction of homogentisic acid are to eliminate phenylalanine and tyrosine from the 
diet or specifically to block this particular pathway of metabolism. 
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The dietary restriction is highly impractical and probably harmful, and no 
definite method of blocking this pathway is known. 

In regard to the second possibility, the specific defect in aleaptonuria is probably 
the hereditary lack of the enzyme or enzymes responsible for the further metabolism 
of homogentisic acid. As mentioned previously, the work of Ravdin and Crandall 
suggests that such enzymes exist in the normal person. A great many therapeutic 
attempts have been made in this direction. Galdston and co-workers ° suggested 
that tyrosinase might be effective in replacing the enzyme system but did not find it 
so. Various vitamins of the B group, vitamin C, vitamin K, vitamin D, insulin, 
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Fig. 3 (Case 1).—Calcification of the intervertebral discs and hypertrophic spur formation 
of the vertebrae. 


adrenal cortex extract, and brewers’ yeast have all been tried without effect. It 
seems doubtful that the further metabolism of homogentisic acid can be promoted 
in the person with alcaptonuria. 

As for the third approach, this would seem to be a good method of obtaining 
our desired therapeutic result, provided of course that the disabling arthritis is 
secondary to the presence of the pigment. 

This phase of our knowledge of this disease process is very deficient. Several 
deductions can be made, however. It is apparent that the pigment deposit occurs 
only in certain tissues. Its absence from glandular and muscular tissue is conspicu- 
ous. This would lead one to think that some specific tissue environment is necessary 
for its deposition. 

It is not impossible that some enzyme system is utilized. If this is true, the 
process must be extremely slow, for the pigmentation usually appears only after 
adulthood is reached. Perhaps this system, if such is utilized, can be blocked by an 
antimetabolite. 
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Fig. 4.—Changes similar to those of Case 1 in Cases 2, 3, 4, and 5 (A, B, C, and D, 
respectively ). 
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In regard to the fourth possibility, no method is at present apparent to prevent 


the development of the arthritis. 
At this time there is no known specific therapy for aleaptonuria or ochronosis. 


SUM MARY 
The history of aleaptonuria and ochronosis is discussed. 
A family pedigree with five cases of alcaptonuria and ochronosis is presented 
with a discussion of the clinical aspects of these conditions. 
Chemical tests used in making the presumptive diagnosis are enumerated and 


their lack of specificity is emphasized. 
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VER SINCE the discovery of von Mering and Minkowski’ that pancrea- 

tectomy causes diabetes, the endocrine function of the pancreas has been the 
subject of extensive study by pathologists, physiologists, and clinicians. Opie? first 
demonstrated pathological changes in the islets of Langerhans in diabetes mellitus, 
and the hormone insulin was named * long before its isolation by Banting and Best.* 
It has since been proved conclusively that the only source of insulin within the body 
is the beta cells.* However, there are present within the pancreatic islets additional 
cell types, apparently of secretory nature, whose functional status is unknown. 

At the turn of the century the only distinguishing characteristic of the insular 
system was thought to be its lack of zymogen granules. At that time, several investi- 
gators independently observed specific granules in these cells and differentiated 
more than one type.¢ In 1907 Lane *! described differences in the solubility of the 
granules of the islet cells of the guinea pig. Those cells which were fixed by alcohol 
and dissolved by aqueous dichromate mercury bichloride solution were termed A 
cells, while those fixed by aqueous chromsublimate solution and dissolved by alcohol 
were called beta cells. As a result of these investigations, it also became quite clear 
that the granules in the islet cells were quite different from the zymogen granules 
of the acinar cell. Bensley in 1911,’? using a different staining technique, also dis- 
tinguished two cell types in the islets and similarly termed them A and B cells. In 
addition, he observed a third nongranular cell type in the guinea pig pancreas, which 
he called the C cell. It later became customary in this country to use Greek letters 
and to speak of alpha and beta cells, while the European literature generally con- 
tinued to use Latin letters, calling them A and B cells. In the subsequent 20 years, 
no significant progress in the histological characterization of the alpha cells was 
made until in 1931 Bloom,’’ using the Mallory-Heidenhain azan stain on human 
pancreas, was able to differentiate the D cell from the alpha and beta cells. He 
also recognized that the nuclei of the alpha cells are characteristically oval and 
contain small amounts of chromatin, while those of the beta cells are usually spheri- 
cal and contain larger quantities of relatively heavy chromatin granules. 


From the Division of Laboratories and Department of Medicine, Jewish Sanitarium and 
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Subsequently, Thomas '* demonstrated alpha, beta, and D cells in 41 different 
mammalian species, while C cells were found only in the guinea pig. However, the 
diameter of the islets, the size of the granules, and the distribution of the various 
cell types were found to vary widely in different species. The beta cells usually 
comprise 60 to 90% of the islets, while the D cells constitute ?,to 8%, and the 
remainder are alpha cells. The alpha cells in the human are grouped adjacent to 
the capillaries, while the beta cells occupy more avascular areas.§ In the guinea pig 
and dog the different cells are intermingled without a definite pattern. In the horse, 
the fox, the cat, and other mammals the alpha cells are found mostly at the periphery 
of the islets and to a lesser degree in the center, usually grouped around the capil- 
laries. In the rat they form a multilayered shell at the periphery and are absent in 
the center. In birds the anatomical arrangement of the islets is quite different from 
that in mammalia. So-called dark and light islets are present. The dark islets consist 
of alpha and D cells, while the light islets consist mainly of beta cells.|| 

Another characteristic of the alpha cells is that they stain black when the pancreas 
is impregnated with silver salts.{ Similar argentophile cells are also found in the 
upper three fourths of the gastric mucosa and in the duodenum of the dog and also 
of the hog.# However, these cells do not seem to be quite identical with the alpha 
cells, since they stain by the technique of Masson and Hamperl, while the pancreatic 
alpha cells do not. Ferner carried out extensive studies on this subject, using the 
Gros-Schultze silver method.** His results indicated a fundamental difference 
between the silver cells of the pancreas and the gastric mucosa of the dog on the 
one hand and the argentaffin cells of the intestinal tract on the other hand. The 
intestinal argentaffin cells reduce silver salts directly, while the cells of the pancreas 


and gastric mucosa need an additional reducing agent (i. e. formalin) to become 
impregnated by the silver. It was also shown that the silver cells of the pancreas 
occur not only in the islets but also in the connective tissue and in the wall of the 
ducts. These latter cells seem to be identical with the insulére Gangorgan—the 
paraductal insular organ—described by Feyrter,* which consists of single cells or 
of small cell groups, usually with granules characteristic of alpha cells and only 


occasionally with those of the beta cells. 

Ferner, again using the Gros-Schultze method of silver impregnation, also 
studied the development of the islets and the interrelationship between the alpha 
and beta cells.** In the embryo the silver-positive cells were described as projecting 
in the form of small buds from both the ducts and the acini. Ferner believes that 
these cells represent immature elements and considers them to be precursors of the 
islands. His conclusions have been questioned by other authors, however, since no 
conversion of alpha into beta cells has been observed in alloxan diabetes and since 
it has been found that the beta cells multiply by mitosis.+ While there is general 
agreement that both the acini and the islets originally derive from the ducts, the 
possibility of a transition between the acinar and island cells is a controversial 


t References 15 and 16. 
§ References 16 and 17. 
|| References 18 and 19. 
{ References 20, 21, and 22. 
# References 22 and 23. 
* References 25 and 26. 
+ References 27, 28, and 29. 





VOLK ET AL—ALPHA CELLS OF PANCREAS 


subject. Some investigators believe that the islet cells regenerate only by division 
and disclaim any acinoinsular transformation.{ Other workers,§ however, believe 
that under the influence of functional stimuli the acinar or duct cells are capable of 
transfornation into islet cells. Gomori ** stresses the fact that only the demonstra- 
tion of specific granules permits the identification of either the acinar or islet cells. 
Therefore, he states that the onfy cogent evidence for acinoinsular transformation 
would be the finding of two types of granules in a single cell. On the basis of this 
criterion he concluded that a transformation may occur between alpha and D cells. 
However, the validity of most of the work concerning a transition between other 
types of pancreatic cells has been questioned because of the inability to identify 
intermediate cell types. 

Recently, van Campenhout and Cornelis ** demonstrated that in the guinea pig 
the intracardiac injection of cobaltous chloride selectively destroys the alpha cells. 
Using this new avenue of approach, we undertook to determine the effect of cobaltous 
chloride on the pancreatic alpha cells in rabbits and dogs and the possible physio- 
logic implications.|| In the rabbit { autolysis of most of the alpha cells occurred one 
hour after a single intravenous injection of 50 mg. of cobaltous chloride in 1% 
solution. There was degranulation, decrease in cell size, haziness of cellular outline, 
and frequently loss of the nuclei in the alpha cells only. The changes became increas- 
ingly prominent until 48 hours after the injection of cobalt, when many islands 
consisted solely of beta cells (Figs. 1, 2, and 3). Occasionally these latter cells also 
showed mild degranulation, but on the whole they remained remarkably intact. 
Similarly, the acinar cells of the exocrine portion of the pancreas escaped injury. 
Repeated daily injections of cobalt did not further intensify the histologic damage. 
However, repeat injections at two-hour intervals did accentuate the lesion in the 
alpha cells. Six days after a single injection of cobalt regeneration of the alpha cells 
was noted, which was pronounced by the 10th day. 

Almost identical results were obtained in the dog.®* A single intravenous injec- 
tion of 200 mg. of cobaltous chloride in 1% solution was followed by autolysis of 
the alpha cells (Figs. 1, 2, and 3). The most marked damage, however, occurred 
after three injections of 150 mg. at two-hour intervals, but this dose usually proved 
lethal. From repeat biopsies on the same animal at various intervals after a single 
injection of cobaltous chloride it was observed that the alpha cells begin to regen- 
erate on the fifth day and that the pancreatic islets resume their normal appearance 
two to three weeks after the initial injection. A remarkable feature was that in both 
the rabbit and dog the alpha cells disintegrate without a reactive leucocytic infiltra- 
tion. This lack of inflammatory reaction is similar to the effect of alloxan on the 
beta cells. When cobalt is administered to the alloxanized rabbit or dog, the effect 
on the alpha cells is similar to that in the normal animal (Figs. 4 and 5). 

While the morphologic identity of the alpha cells and a method for their selective 
destruction by chemical means has thus been established, the problem of their func- 
tional status remains to be solved. In the past, two hypotheses have been advanced 
as to the physiologic activity of these cells. These theories are based on indirect 
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evidence obtained by the experimental destruction of the other endocrine or exocrine 
elements of the pancreas by surgical and chemical methods. 

One of the functions which has been ascribed to the alpha cells is the production 
of a lipotropic factor. This is based on the observation, originally reported by 


E- ; 
wt « 


‘ - 
te 4 e -- 
” ‘ “ : 
B Psy iS: : 
. > - > 
7 nc ; 
ia ro). Se Va. | “ee 
- . . J 


Fig. 1.—A, pancreatic islet of normal rabbit. Arrows indicate alpha cells. x 350. B, pancre- 
atic islet of normal dog. Arrows indicate alpha cells. x 800. Gomori’s chrom-alum hematoxylin 
and phloxine methods. 


Minkowski, that in depancreatized dogs, if they survive long enough, fatty degen- 
eration of the liver and hyperlipemia develop, in addition to hyperglycemia, glyco- 
suria, and ketonuria. After the discovery of insulin it was found that insulin therapy 
alone, although controlling the diabetes, can not maintain the depancreatized dog 
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in good health for longer than 8 to 10 weeks. At that time fatty liver develops in 
these animals.# It was thought that this was due to the absence of the exocrine 
portion of the pancreas and particularly the pancreatic enzymes.* Indeed, feeding 
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Fig. 2—A, pancreatic islet of rabbit one hour after 50 mg. of CoCle. Arrows indicate degener- 
ating alpha cells. The cells are smaller than normal, the celi borders are frequently hazy, and 
the nuclei are pyknotic. x 800. B, pancreatic islet of dog one hour after 200 mg. of CoCle. 
There are but few degenerating alpha cells present (arrows). x 800. Gomori’s chrom-alum 
hematoxylin and phloxine method. 
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minced raw pancreas prevents liver damage in the depancreatized insulin-treated 
dog. This observation initiated a search for the active protective principle in the 
pancreas. While the Canadian workers * analyzed the chemical constituents of 
pancreatic tissue and soon found that the lecithin and choline content seemed to be 


Fig. 3.—A, pancreatic islet of rabbit 3 hours after 50 mg. of CoCle consisting of beta cells 
only. x 700. B, two pancreatic islets of dog 4 hours after 200 mg. of CoCls consisting of beta 
cells only. X 800. Gomori’s chrom-alum hematoxylin and phloxine methods. 


most important, Dragstedt and his associates — started an investigation with insulin- 
free pancreatic extracts. They were able to show that these extracts have a greater 
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lipotropic effect than was to be expected from their content of lecithin and choline. 
They also demonstrated that this protective action was lacking in extracts from 
liver and brain, organs which are richer in phospholipids than the pancreas, and, 
furthermore, they felt that pancreatic juice gave only poor protection. They con- 
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Fig. 4.—A, pancreatic islet of alloxanized rabbit. Arrows indicate intact alpha cells surround- 
ing debris of beta cells. x 8.0. B, pancreatic islet of alloxanized dog. The intact alpha cells in 
center (arrows) are surrounded by empty areas secondary to autolysis of the beta cells. ~« 800. 
Gomori’s chrom-alum hematoxylin and phloxine methods. 


cluded, therefore, that the “‘lipotropic factor” of the pancreas was not a dietary or 
enzymatic factor originating from the exocrine portion of the gland, as Best had 
suggested, but a hormone originating from the islet cells, most likely the alpha cells. 
They gave this hypothetical hormone the name “lipo-caic.”’ 
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This concept seemed to receive support when Ham and Haist ** observed alpha 
cell degeneration in the presence of fatty liver of nondiabetic origin. Subsequently, 
however, it was demonstrated that pancreatic duct ligation, with consequent acinar 
fibrosis, produces typical liver damage in spite of the survival of the islet cells * 


Fig. 5—A, pancreatic islet of alloxanized, cobalt-treated rabbit. There is marked disintegra- 
tion of the beta cells. The alpha cells are absent. x 800. B, pancreatic islet of alloxanized, 
cobalt-treated dog. There is almost complete autolysis of alpha and beta cells, with many empty 
spaces remaining. x 800. Gomori’s chrom-alum hematoxylin and phloxine method. 


and that appropriate protection can be given by administration of pancreatic juice 


or its extracts. It then appeared that the greater lipotropic potency of pancreatic 


tissue as compared with tissue richer in phospholipids was due to its contents of 
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proteolytic enzymes, which are absent from other organs. These enzymes help to 
provide additional choline from its precursors in the diet, particularly methionine.*® 
The lipotropic activity of pancreas and the beneficial effect of lipocaic are therefore 
no longer considered to be endocrine in nature, and the alpha cells do not seem to 
have any connection with this function of the pancreas.*? 

The second function which has been ascribed to the alpha cells and which at the 
present time is a commonly accepted premise is that these cells may be involved in 
the endocrine regulation of carbohydrate metabolism. It is assumed that they serve 
as the source of a blood-sugar-raising principle,t which has been variously termed 
hyperglycemic glycogenolytic factor (HGF) or glucagon. 

It was found very early that most insulin preparations when injected intra- 
venously cause an initial transitory hyperglycemic action.§ Murlin and his associates, 
who studied this phase of insulin activity, prepared insulin-free pancreatic extracts 
which possessed blood-sugar-raising properties. They referred to the active principle 
as glucagon || and showed that its action is most marked on intraportal injection. 
Other workers, however, thought that the glycogenolysis was caused by the insulin 
itself.*7 On the other hand, Birger and his associates, in an extensive series of 
investigations, were able to demonstrate that the primary hyperglycemia is the 
result of the presence in insulin preparations of a substance closely related to insulin. 
This substance, which they also refer to as glucagon, was found to be absent from 
crystalline insulin and was resistant to destruction by alkali, which inactivates 
insulin. One of his co-workers reported successful purification of this material.** 
Furthermore, Burger and his co-workers showed that the action of glucagon is 
independent of the adrenal medulla. They advanced the hypothesis that this so-called 


second pancreatic hormone serves physiologically to release glucose into the blood 


stream from the liver glycogen stores. The relationship of the hyperglycemic effect 
of HGF to liver glycogen has been further verified, since an elevation of the blood 
sugar occurs after HGF administration in both normal and well-controlled diabetic 
animals but not in animals with severe diabetic ketosis in whom the liver glycogen 
stores are depleted.4 Pincus provided additional evidence for a direct effect of this 
material on the liver by showing that the hepatectomized animal exhibits no response 
to hyperglycemic extracts.*° He also demonstrated that the hyperglycemic principle 
is almost completely ineffective when injected subcutaneously. 

Further substantiation for Birger’s viewpoint has been adduced from studies 
on crystalline insulin purified by Abel’s Method.** It has been shown that the 
inactive residues remaining after the crystallinization of insulin contain a hyper- 
glycemic factor and that the insulin itself is free of it. This apparently proves that 
the so-called initial phase of the insulin curve is due to a contaminant of the insulin. 
De Jongh, by studies of the action concentration curves of insulin preparations, was 
also led to the belief that the blood sugar-raising-principle is a separate entity 
adsorbed to the insulin.*S Support for this hypothesis, that HGF is not part of 
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insulin as such, is obtained from the more recent demonstration that although 
American commercial insulin preparations contain this factor, Novo insulin manu- 
factured in Denmark is free of it.* Furthermore, cysteine-inactivated insulin prepa- 
rations still cause hepatic glycogenolysis, indicating that the glycogenolytic factor 
is left intact when insulin is denatured.4 A material with similar glycogenolytic 
properties has also been isolated from the gastric and duodenal mucosa of dogs. 
The mode of action of HGF on liver glycogen has Leen elaborated by Sutherland 
and Cori in in vitro work with liver slices.°* The transformation of glucose-1-phos- 
phate to glycogen is mediated by the enzyme phosphorylase. In the presence of 
commercial insulin preparations phosphorylase activity is diminished and glucose 
is formed rapidly from glycogen. Cysteine- and alkali-inactivated insulin has similar 
activity, whereas Novo insulin, which is free of hyperglycemic factor, does not 
exert this effect. These workers were able to assay HGF quantitatively on the basis 
of its glycogenolytic action on liver slices. 

All of these data point out that HGF is an entity, distinct from insulin, which 
has a specific action on the enzyme mechanism involved in glycogen synthesis. It is 
protein in nature and has an electrophoretic mobility slightly slower than insulin. 
Crystalline HGF has been prepared recently by Staub and co-workers.®® Whether 
this material is identical with that obtained in Burger’s laboratory ** remains to be 
clarified. 

Two lines of evidence suggest that HGF may be a physiologically active agent. 
The first is derived from clinical observations in human diabetes, and the second 
is derived from studies of different types of experimentally induced diabetes in 
animals. Human diabetes is an extremely variable disease in regard to the degree 
of the metabolic derangement and the amounts of insulin required for control. It 
has been hypothesized that a pancreatic anti-insulin factor may account for an 
insulin requirement of greater than 40 units daily, because this amount of insulin 
has been found to be sufficient to control the diabetes after total pancreatectomy.t 
Also it has been reported that total pancreatectomy in the diabetic human either 
reduces or does not change the insulin requirement. Moreover, these patients are 
also highly sensitive to insulin.$ 


Although tumors of islet tissue have been described in diabetes mellitus,|| the 
evidence for a causal relationship to the diabetes is vague and particularly there is 
no indication that such tumors are composed cf alpha cells or contain large amounts 
of HGF. Studies concerning a possible relationship between argentaffin tumors of 
the gastrointestinal tract and diabetes have also shown a negative correlation.{£ On 
the other hand, McQuarrie and his associates have reported two cases of spon- 
taneous hypoglycemia in which the alpha cells were almost totally absent from the 
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pancreas, apparently allowing uninhibited insulin action. 
Experimental studies in animals have also provided evidence that in the presence 
of pancreatic tissue the diabetic status requires more insulin for its control than if 
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the entire pancreas is removed. For example, Young '’* showed that in dogs made 
permanently diabetic by long-continued growth hormone administration (meta- 
hypophyseal diabetes) ketosis and coma do not easily develop although these dogs 
require more insulin than after pancreatectomy. Similarly, it has been observed that 
partially pancreatectomized dogs require more insulin for the control of their 
diabetes than totally depancreatized animals.'°’ Others, furthermore, have demon- 
strated that removal of the pancreas from a dog previously rendered diabetic by 
alloxanization reduces the glycosuria and the insulin requirement.'’ This effect 
of pancreatectomy on alloxanized animals is stated not to be due to loss of the 
external pancreatic secretions, since ligation of the pancreatic ducts does not influ- 
ence the severity of the diabetes.# 

In a similar vein, some authors have attributed the greater decline in the blood 
sugar level after insulin administration in depancreatized dogs to a loss of the 
hyperglycemic factor of the pancreas.''* However, it seems that the extent of the 
decline of the blood sugar after insulin is related to the fasting blood sugar level 
rather than to the presence or absence of the pancreas.* Also, a pancreatic factor 
has been implicated as being part of the mechanism for hypoglycemia responsive- 
ness. That this is not so is indicated by experiments in depancreatized dogs, in 
which hypoglycemia responsiveness was readily demonstrated when their condition 
was kept under control with insulin.t Recentiy an apparent hyperglycemic action 
of the pancreas has also been demonstrated by cross circulation experiments in 
dogs.t These experiments are, however, by their very nature inconclusive. 

These observations in humans and animals have been interpreted to signify that 
a second pancreatic factor which is anti-insulin in character is produced by the 
alpha cells of the islets and is responsible for the differences between surgical and 
chemical diabetes.§ This explanation has, however, not remained unchallenged. 
Lukens has pointed out that if comparative studies are done during fasting the 
differences in diabetic status may disappear or even be reversed.'** Similarly, 
Mirsky and co-workers '*° have shown in carefully controlled studies that during 
fasting the diabetes of pancreatectomized dogs is more severe than that of alloxan- 
diabetic animals. They explain the apparent amelioration of alloxan diabetes by 


pancreatectomy to be a result of loss of the external secretion of the pancreas, with 
concomitant diminution of intestinal absorption of nutrient material. These workers 
contend further that insufficient attention is paid to the role of intestinal absorption 
in the interpretation of many of the experimental observations which have been 


advanced to indicate a source of hyperglycemic and antiketotic activity in the pan- 
creas. Furthermore, the evidence derived from the experiments of Candela and 
co-workers || in which the pancreatic ducts of alloxan diabetic animals were ligated 
has also been attacked in that the effect on intestinal absorption due to loss of the 
external secretion of the pancreas takes two to eight weeks after duct ligation to 


become etfective.!*® 
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The results of our experiments in cobalt-treated normal and alloxanized rabbits 
and dogs have made it extremely questionable that the alpha cells play a physiologic 
role in blood sugar homeostasis. It was shown that in the normal rabbit or dog 
destruction of the alpha cells does not cause hypoglycemia (Fig. 6).§ Similarly, 
alloxan diabetes in either species is not ameliorated by cobalt administration, 
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Fig. 6.—The effect of repeated injections of cobaltous chloride on the fasting blood sugar 
of normal and alloxan-diabetic rabbits and dogs and of a depancreatized dog. ; 
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Fig. 7—Typical blood sugar curves in fasting rabbits after the intravenous injection of 
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(#2; few alpha cells destroyed; #3: practically all alpha cells destroyed). 
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although minor changes in the blood sugar level were observed. These minor fluc- 
tuations in the blood sugar level were attributed to extrapancreatic effects of the 
cobalt which are independent of its action on the alpha cells, since tney also occur 
when cobalt is administered to depancreatized dogs (Fig. 6).°° 

The question as to whether HGF is produced by the alpha cells of the pancreas 
is still not fully answered by these experiments. The principal evidence that these 
cells are its source is the demonstration of a hyperglycemic principle in extracts 
from pancreas in which the acinar tissue is fibrosed by duct ligation and the beta 
cells of the islets destroyed by alloxan administration.’** Similarly, HGF has been 
recovered from fetal calf pancreas in which the acinar tissue is not yet developed 
as well as from the pancreas of alloxan-diabetic rabbits and from the mucosa of the 
canine stomach.** This seems to leave, by exclusion, the alpha cells as the probable 
origin of this material. However, certain contradictory experimental evidence is 
available. For example, it has been shown that the stomach of the hog does not 
contain a hyperglycemic principle, despite the fact that argentaffin cells morpho- 
logically similar to the pancreatic alpha cells and to those of the canine stomach are 
present.°* 

An almost direct proof that HGF is not derived from the pancreatic alpha cells 
has been presented by us recently.’** We were able to show that extracts from the 
pancreas of either normal or alloxanized dogs, in which the alpha cells have almost 
entirely disappeared after cobalt administration, still contain apparently normal 
quantities of hyperglycemic principle (Fig. 7). These experiments might be 
attacked on two bases: Firstly, in no instance did cobalt administration cause the 
destruction of every alpha cell in the pancreas, and, secondly, the method used for 
the assay of HGF in pancreatic extracts was qualitative and not quantitative. 
Therefore, a moderate reduction in HGF content of extracts from cobaltized pan- 
creas might not have become apparent. This objection to our results seems to be 
supported by the statement of Vuylsteke and co-workers '*’ that extracts from the 
pancreas of cobalt-treated guinea pigs assayed on liver slices have a 60% diminution 
in the HGF content. These workers, however, also report that their extracts have 
marked hyperglycemic activity when injected intravenously into rabbits. We feel 
that the difficulties inherent in the quantitative extraction and assay of the pancreas 
of small size, derived from guinea pigs, or possibly a species difference may account 


for the apparent discrepancy in the results. Furthermore, it must be emphasized 


that the results of our experiments on dogs in whom histologic study showed almost 
complete alpha cell destruction after cobalt treatment did not vary significantly from 
the results obtained on intact uncobaltized animals (lig. 7). 

It can be concluded from the foregoing review that, contrary to general belief, 
the alpha cells of the pancreas apparently do not play a role in blood sugar homeo- 
stasis or in HGF production. They are, however, a morphologic entity and because 
of the presence of cytoplasmatic granules are assumed to have a secretory function. 
At the present time, despite the abundance of experimental work, their physiologic 
status is still unknown. A related problem, the site of origin of HGF, also remains 
to be elucidated. This problem seems particularly unique, since a hyperglycemic 
principle has been isolated from pancreas in which the alpha or beta cells or the 
exocrine portion has been destroyed. It might be pointed out that other cellular 
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systems of the pancreas, such as the D cells of the islets, the ductal tissue, or the 
paraductal insular organs (Feyrter) may serve as the source of the hyperglycemic 


principle. 

The outlook for clarification of these problems by further experimental work 
seems to be improved, since a simple chemical method for the destruction of the 
alpha cells is now available. 

Mrs. H. F. Crowley gave technical assistance. The photomicrographs were taken by 
Mr. H. A. Fischler. 
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ADDENDUM 


Since this paper was submitted, several pertinent reviews and significant studies on this 
subject have been reported, to which the reader should be referred. Both the possible role of 
the alpha cells in carbohydrate metabolism and the origin and function of glucagon were 
reviewed by Fabrykant,1 de Duve,? Foa,® and Pincus. Mayer ® reported the interesting observa- 
tion that in his strain of mice with the “hereditary obese-hyperglycemic syndrome” the pan- 
creatic islets consist mainly of alpha cells, and that treatment with diethylthiocarbamate, which 
affects the alpha cells, brings the blood glucose levels to normal values. These mice are 
reported to be highly sensitive to growth hormone. The relationship of the anterior pituitary 
to the alpha cells and glucagon has been the subject of investigations by Foa and co-workers,® 
with the cross-circulation method, and by Elrick,? who reported an increase in the width of 
the proximal epiphyseal cartilage of the tibia following administration of glucagon to the hypo- 
physectomized rat, a finding which, however, Geschwind and Staub*® were unable to confirm, 
Other chemical agents affecting the alpha cells selectively have been reported earlier by 
Kadota ® and recently by Davis.1° Fodden'!! gave experimental evidence that the pancreatic 
alpha cells and the intestinal eee cells are not identical in their histochemical 
behavior. Ellis and co-workers,!? as well as Fodden,!* confirmed that the cobalt hyperglycemia 
is independent of the alpha cells. The Sealer investigators demonstrated that cobalt-induced 
hyperglycemia is prevented by the adrenergic blocking agent dihydroergotamine (DHE), like 
the epinephrine hyperglycemia, while the blood-sugar-raising action of glucagon is not affected 
by this agent. Ingle and co-workers '* presented additional evidence that the action of glucagon 
is limited to hepatic glycogenolysis in eviscerated rats whose blood sugar was maintained by 
continuous intravenous injection of glucose. The administration of glucagon failed to affect 
the blood sugar level. 
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THE TWO-COMPONENT MUCOUS BARRIER 


Its Activity in Protecting the Gastroduodenal Mucosa Against Peptic Ulceration 


FRANKLIN HOLLANDER, Ph.D. 
NEW YORK 


HY DOES the living stomach of a warm-blooded animal not digest itself? 
This question has intrigued physiologists for almost two centuries, yet it still 


constitutes one of the major mysteries of our science. To some people, the problem 
may seem to be purely academic—one that might have fascinated the medieval 
philosophers, had they had a suitable conception of the process of digestion to start 
with. In actuality, however, the answer to this question is the key to the etiology of 
peptic ulceration, because this disease process is essentially just such a process of 
autodigestion. In the normal person, digestion of the gastrointestinal mucosa by 
his own gastric juice is evidently prevented by the operation of some protective 
mechanism, but in the ulcer patient this agent appears to have suffered impairment, 
at least in isolated areas. Hence, the answer to our question rests entirely on the 
character and action of this defensive agent within the living organism, and the 
discovery of a completely satisfactory medical therapy for ulcer disease may be 
possible only after we have resolved this physiological mystery. 

From the time of John Hunter? until shortly after the beginning of the present 
century four major hypotheses were described to explain how the stomach is pro- 
tected against autodigestion. The earliest of these was Hunter’s “living principle,” 
which depended on the continuing circulation of blood through the tissue. No 
advance was made beyond this purely vitalistic concept during the next 80 years 
until Virchow ? amplified it, in 1853, to include the acid-neutralizing power of the 
blood stream. In accordance with this explanation, the acid gastric juice is visual- 
ized as diffusing back into the mucosa where it is completely neutralized by the 
alkaline blood in this region. In some instances (i. e., in ulcer patients) the 
effectiveness of this biood as a neutralizing agent was thought to be diminished by 
a restriction in its local supply, thus permitting of autodigestion in localized areas 
of the inner surface of the viscus. This explanation received strong support from 
Pavy during the following decades.* 
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In the meanwhile, a wholly different approach to the problem was coming into 
being. In 1800, in a doctoral dissertation submitied to the University of Pennsy!- 
vania,° Glover wrote concerning the mucus secretion of the digestive tract: ‘“‘Its 
use seems to be that of lubricating. . . . It must likewise defend the internal sur- 
face of the stomach and intestines, from the action of the gastric juice, and from the 
acritude of bile when regurgitated.” Unsupported by any sort of objective evidence, 
Glover’s explanation of the protective role of gastric mucus did not become popular 
until it was forcefully presented by Harley,® 60 years later. Beaumont’ recognized 
gastric juice and mucus to be separate secretions, but he made no reference to any 
possible protective function which the second of these might exercise against the 
first, and he seems to have been unaware of the existence of Glover’s contribution 
to medical literature. Credit for the initiation of this hypothesis is now usually 
ascribed to Harley, but it is evident from Glover’s little known dissertation that 
the idea was already extant, at least in this country, at the beginning of the nine- 
teenth century. Harley’s statement, that “it is chiefly, if not solely, the mucus which 
protects the stomach from the chemical action of its own gastric juice” dominated 
thinking on the problem well into the present century. In fact, some of the more 
recent publications on this question — have focussed attention on the impermeability 
of the mucous layer to active pepsin, in contradistinction to a specific chemical or 
adsorbent action—a view which was presented as early as 1855 by Claude Bernard," 
although without empirical substantiation. 

The fourth significant theory as to why the stomach does not ordinarily digest 
itself appeared just after the beginning of the twentieth century. In 1901, Dani- 
levski?* obtained evidence that the gastric mucosa contains a substance which 
somehow prevents the digestive activity of pepsin. Somewhat later, this substance 
was reported by his pupil, Gensel,’* to be a specific antipepsin. Hence, it seemed 
that digestion of the gastric mucosa by its own pepsin fails to occur because of the 
presence of this antienzyme. Evidence to support this view continued to appear in 
the literature until 1914 (for the pertinent references, see Hollander '*), although 
there have also been observations which suggest that such inhibition of gastric 
proteolysis may be effected by nonspecific substances (e. g. peptones, amino acids, 


etc.) rather than a specific antipepsin.t 


CONCEPT OF A TWO-COMPONENT SELF-REGENERATING MUCOUS BARRIER 

The continuing search for the etiology of peptic ulcer and continuing concern 
with the problem of the immunity of the stomach to autodigestion make it evident 
that no one of the forementioned hypotheses is adequate for a resolution of these 
questions. Nevertheless, in consequence of the investigations on the physiology 
and chemistry of mucus secretion reported from our laboratory during the last 
10 years, it has become apparent that each of these proposals may furnish some 
element in the complete description of this protective mechanism but that the major 
part of the picture is still lacking. As a result, we have evolved * the concept of a 
two-component self-regenerating mucous barrier, and it is this concept which will 


now be presented in some detail. 
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According to this hypothesis, the gastric mucous barrier is a composite of two 
integrated structural units. In the fundus and corpus of the stomach ix comprises 
(1) the layer of viscous mucus which covers the inner wall of the gastric cavity 
and (2) the layer of tall columnar cells immediately beneath this sheet of mucus, 
together with the low columnar and cuboidal cells which line the crypts of the 
gastric gland. In the prepyloric and duodenal regions, differences in histology 
necessitate minor modifications of this definition; in spite of this, the dual character 
of the mucous barrier is essentially the same in these regions as in the body of the 
stomach. 

THE LAYER OF MUCOUS SECRETION 

The first component of the mucous barrier is the nonvital layer of viscous 
material, secreted by the mucous epithelium. Spontaneously secreted canine mucus— 
that is, mucus collected from gastric pouches in the absence of overt stimulation by 
chemical, mechanical, thermal, or neuromimetic agents—is frequently transparent 
or translucent and contains few, if any, columnar cells. The high cell content of 
many specimens of mucus, obtained by topical stimulation with an irritant mucigogue, 
results from desquamation, which usually, but not invariably, follows most forms of 
mild mucosal irritation. If, on the contrary, a parasympatheticomimetic agent like 
acetylcholine is applied locally as a topical mucigogue, the resulting mucus secretion 
is almost entirely free of desquamated epithelium.*° The characteristics which impart 
to mucus its specialized functions are adhesiveness, cohesiveness, viscosity, adsorptive 
power, and acid-neutralizing capacity. For the most part, these physicochemical 
properties of native mucus result from the presence of conjugated glycoproteins, 
which are its characteristic chemical constituents. At least two such mucins are 
known to occur in gastric juice, their differences being characterized by the presence 
or absence of sulfuric acid groups, glucuronic acid, and galactose in the carbohydrate 
moiety. One of these mucins derives from the surface columnar cells as a highly 
viscous secretion; the other, it has been suggested, may be secreted by the neck 
chief cells as a mucoid fluid, but this awaits confirmation. 

The adhesiveness of a substance is a measure of the force with which it remains 
attached to another substance. Because the adhesiveness of mucus is high *' it 
remains attached firmly to the columnar cells of the surface epithelium (Fig. 1), 
and in vivo it may never be pulled off completely, in spite of the vigorous mechanical 
forces which operate during gastric digestion. Firm attachment of the mucus layer 
to the tissue is of prime importance for all its protective activities, since without it 
none of these activities can be effective. 

In contrast with adhesiveness, the cohesiveness of a substance measures the 
force with which its molecules remain attached to each other. As a result of its 
high cohesive quality, the surface mucus is capable of forming a layer which covers 
the tissue completely, and is even able to bridge over the mouths of the crypts 
when they are themselves empty of the secretion, as can also be seen in Figure 1. 
Such a layer is an excellent retarder of the penetration of chemical irritants to the 
underlying cells, and several early investigators, as mentioned above,+ suggested 
that the inability of active pepsin to reach the underlying epithelium may be ascribed 
to this very physical impenetrability of the mucus layer, rather than to a specific 
chemical or adsorbent action. When penetration by an irritant (e. g. eugenol, 
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which is one of the stimuli used in our studies) does occur, the combination of its 


desquamatory action and mucigogue action on the surface cells increases the 
thickness of the secretion layer still further, as is demonstrated in Figure 2. 

The high viscosity of native mucus is the most obvious of its physical properties, 
its importance having been recognized even by Beaumont. Insofar as this char- 


Fig. 1—Canine gastric mucosa, showing a thin layer of mucus secretion attached to the inner 
surface of the stomach and bridging over the mouths of the crypts. Hematoxylin and eosin; 
x 100. 


Fig. 2.—Canine gastric mucosa, from a Heidenhain pouch, one-half hour after stimulation 
with an aqueous emulsion of eugenol. The arrow indicates a thick layer of mucus secretion 
attached to the surface of the tissue. Hematoxylin and eosin; x 100. 


acteristic represents resistance to flow or shear, it may be considered a variant of 
cohesion. Intragastrically, it is the viscosity of mucus which determines its lubri- 
cating action and which prevents the rapid flowing away from the surface of even 
a part of the mucus layer. Pavlov * attached much importance to the ability of the 
surface mucus to wash away pepsin and other noxious substances by reason of its 
flowing action. Acidification of the mucus aids this washing action by effecting a 
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reduction of the viscosity, since in the presence of free HCl: (that is, at a pH less 
than 3.5) the gel is usually coagulated to form visible insoluble mucin and a liquid 
of high fluidity. However, if the reduction in pH of the native secretion is slight— 
to values of no less than 5—the viscosity actually is elevated || and drops only with 
further addition of acid. Liquefaction of the mucus layer in various degrees may 
be caused also by dilution by nonmucous fluids *°; by the slow degradation of the 
protein moiety of the mucin in the absence of free HCl, either spontaneously or by 
enzymatic action, and possibly even by peptic hydrolysis, since there is considerable 
evidence that gastric mucin is susceptible to such proteolysis in vitro.§ Peptic 
digestion, however, does not become a major mode of mucin degradation until the 
mucus has been mixed with the gastric chyme. 

The adsorptive power of gastric mucus for pepsin is also of importance in pro- 
tecting the stomach against autodigestion. For a long time the antipeptic activity 
of mucus was diffusely ascribed to its physical impermeability or to a specific 
antienzyme. It was not until 1932 that Bucher ** attached responsibility for such 
action definitively to adsorption by the mucus layer ; since then other investigators # 
have given additional support to this explanation. The mucus layer, it has been 
suggested, may also adsorb bacteria, but no definitive evidence for this has as yet 
been advanced. 

Another pertinent physicochemical property of mucus is its acid-neutralizing 
power. Much importance has been attached to this property ever since Pavlov first 
discussed it,* but, in spite of this, actual evidence to substantiate its role in the 
protective mucous barrier has not been definite,t even though the pH of mucus is 
at least 7 and may range as high as 9 when it is free of HCI. It must be remem- 
bered, however, that the ability of the mucus layer to neutralize acid can not be 
evaluated from its pH value, but only from its buffer power (between its initial pH 
and an endpoint of 3.5) and its rate of secretion.*° Our electrometric measurements 
of this acid-neutralizing power of viscous mucus, collected with various topical 
mucigogues from Heidenhain pouches of dogs, yielded values between 12 and 8&4 
mEq. per liter.§ Thus, 100 ml. of this secretion can neutralize, on the average, 
about 40 ml. of 0.1 N HCl. It may be that the less viscous mucoid or dilution 
secretion—if such really exists—possesses a buffer power not essentially different 
than that of surface mucus. As for the volume-rates of secretion of these two fluids, 
under the diverse conditions of stimulation which ordinarily obtain inside the 
stomach, our knowledge is still very meager. Nevertheless, there is already con- 
siderable indirect evidence that the quantity of buffering substances usually contrib- 
uted by these secretions may be sufficient to make the mucous barrier truly effective 
as an acidity-reducing agent within the gastric lumen. 

Thus, the layer of mucous secretion constitutes a first line of defense of the 
gastric wall, by reason of its tenacious adherence to the underlying tissue, its ability 
to maintain considerable thickness instead of flowing off rapidly as the acid secretion 


|| References 23, 24, and 25. 
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does, its general impermeability to destructive chemical agents because of its 
cohesiveness, and its specific impermeability to pepsin because of its adsorptive 
properties. Acid-neutralizaiion is probably also a factor in this regard. The 
viscous surface mucus is rernoved more or less continuously but slowly, at a rate 
which varies with gastric motor activity and intraluminal chemical conditions, but 
the layer is also capable of being replenished with considerable speed under suitable 
provocation. However, if some disruptive agent induces a rate of removal so great 
that the rate of secretion can not keep pace with it then the mucus layer will be 
broken through and the underlying cells exposed to the destructive influence of 
this agent. It is then that the cellular layer comes into action as a second line of 
defense against this threat to the integrity of the tissue beneath it. 


THE CELLULAR LAYER 
The cellular component of the mucous barrier is subjacent to the mucus layer 
and extends from the tall columnar cells on the surface down through the cuboidal 


Fig. 3—Smear of gastric mucus collected from a Heidenhain pouch after stimulation with 
aqueous eugenol emulsion. Wright’s stain; x 150. 


and foveolar cells at the bases of the crypts. Under ordinary conditions it is the 
function of this cell layer to supply mucus in order to replace that which is being 
removed from the surface. However, as soon as an irritative or destructive agent 
succeeds in penetrating the first line of defense it encounters a solid shield of tissue 
interposed between it and the more delicate gland tubules. This usually induces a 
loosening of the cement substance locally and a prompt desquamation of the surface 
epithelial cells, which then release part or all of their thecal contents. Because of 
the speed of this release the mucus possesses an especially high viscosity || and 
tenacity and so reinforces the outer layer of secretion. Obviously, such a loss of 
mucous epithelium constitutes a destruction of this part of the tissue in the course 
of its protection of the rest of the mucosa, but normally it is soon compensated for 
by the amazingly rapid reconstitution of the disrupted cell layer. 


|| References 18, 39, and 43. 
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The speed with which the cellular component of the mucous barrier can be 
destroyed by an irritative agent and subsequently be regenerated is demonstrated 
by work from our laboratory { in which Heidenhain pouches were exposed to 
repeated topical application of 5% aqueous eugenol emulsion (see also references 
45 and 46). After a single 15-minute application the secretion was so viscous that 
it hardly flowed at all and it contained large amounts of desquamated columnar cells 
(Fig. 3) with some leucocytes and, occasionally, a few erythrocytes. Five or six 
applications of the eugenol emulsion, at intervals of about two and one-half hours, 
resulted in a progressive change in the secretion, until it became almost entirely 
like a bloody exudate—free of columnar cells and of low viscosity. Such specimens 
marked the exhaustion of the exocrine activity of the mucus-producing cells. Histo- 
logically, it was seen that this desquamation of the mucus cells resulted in the step- 
wise shaving off of the epithelial layer until the mucosa was completely denuded 
of its crypts and the collecting tubules were exposed (Fig. 4). However, 36 hours 


Fig. 4.—Canine gastric mucosa, from a Heidenhain pouch, two hours after the mucus- 
secreting ability of the pouch has been exhausted by repeated topical application of eugenol. 
Hematoxylin and eosin; x 100. 


after such denudation mucus secretory activity was reestablished and newly formed 
crypts and surface columnar cells could again be observed in tissue sections taken 
at autopsy (Fig. 5). It must be noted, however, that complete recovery requires 
a somewhat longer time than this. Our study of this reparative process following 
different degrees of destruction of the mucous barrier with a desquamating muci- 
gogue apparently entails both the migration of previously formed columnar cells 
from the crypts to the surface of the mucosa and the formation of new epithelial 
cells at the bases of the foveolae. Little is known about these cellular processes as 
they occur in the gastric mucous membrane, and the subject merits considerable 
investigation. 

It may be that these facts were anticipated by Claude Bernard *! when he wrote 
that “the presence of the epithelium . . . on the stomach mucosa constitutes a com- 
plete obstacle to the absorption [of pepsin. Furthermore] the epithelial layer is des- 
troyed and renewed with great ease, hence when life ceases it alters rapidly” (p. 407). 
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However, the context suggests that he may have identified the mucous epithelium 
with its secretion, for on the next page he speaks of L’épithélium de la muqueuse 
stomacale, espéce de mucus gluant qui tapisse la paroi interne. 

The special character of the mucous cell layer which makes it an integral part 
of the protective mechanism of the digestive tract becomes evident from our obser- 
vations. Whenever a destructive agent breaks through the first line of defense, 
the second line of defense immediately responds by shedding the injured columnar 
cells and concomitantly reinforcing the secretion layer with material of extra high 
viscosity ; shortly thereafter, these reactions are followed by a reparative process, 
if the conditions within the tissue are normal. The gastric mucous barrier is not 
a static structure but a truly dynamic system, for one or both of its components 
are constantly being subjected to forces of destruction and replacement as an 
integral part of their normal function. It is curious that, although Claude Bernard 


Fig. 5.—Canine gastric mucosa, from a Heidenhain pouch, 36 hours after the mucus-secretory 
power of the pouch had been exhausted by repeated application of eugenol. Hematoxylin and 
eosin; X 100. 


anticipated the importance of this dynamic quality of the surface cell layer in pro- 
tecting the stomach against autodigestion, its role in this regard has been almost 
completely neglected during the intervening century. 


THE MUCOUS BARRIER AND THE ULCER PROBLEM 


Although it is the function of the mucous barrier to protect the underlying struc- 
tures against exogenous irritants, the barrier operates chiefly against the endogenous 
mixture of HCl and pepsin in the gastric contents. In terms of current ideas regard- 
ing the etiology of peptic ulcer, the gastric secretion is the immediate agent of 
mucosal tissue digestion or ulceration and therefore may be designated the aggres- 
sive factor of the ulcerative process. Opposed to this stands the defensive factor, 
which may now be identified with the two-component mucous barrier. In the person 
not subject to ulcer disease these two factors are in dynamic equilibrium. The layer 
of mucus which constitutes the first line of defense is slowly removed as a result 
of its coagulation, caused by the lowering of its pH which attends the neutralization 
of HCl, and possibly also as a result of its liquefaction, associated with spontaneous 
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or enzymatic degradation of the mucin. It is this liquefaction of the mucus and 
the neutralization and dilution accompanying its addition to the gastric chyme 
which bring about the reduction of gastric acidity from its high value of around 
165 mEq. per liter, characterizing pure parietal secretion, to values below 75 mEq. 
per liter, usually encountered in normal human gastric juice. However, as soon as 
the acid chyme makes contact with the exposed surface epithelial cells they are 
stimulated further by mucigogue activity of the HCl, thus insuring constant mainte- 
nance of the first line of defense in the healthy stomach. 

This question has often been asked: How is it possible normally for the mucus 
layer to protect the underlying surface epithelial cells against the acid-pepsin mixture 
in the lumen of the stomach and yet permit the freshly secreted juice to pass out 
of the gland tubules and crypts? This seeming inconsistency in behavior can now 
be explained as follows: Let us consider one of the crypts bridged over by the 
mucus layer, as in Figure 1. During acid-pepsin secretion the fluid in the gland 
tubule leading to this crypt advances in the direction of the mouth of the gland 
under positive secretory pressure which may well be intermittent. On making 
contact with the mucus bridge, the acid fluid will react with the viscous material, 
decrease its pH, coagulate it, and wash it into the gastric cavity, leaving a minute 
gap in the mucus layer. Immediately thereafter, the uncoagulated mucus surround- 
ing the minute hole, by reason of its high surface tension, will flow over the opening 
to seal it; in addition, any acid which makes contact with the mucus cells will 
stimulate them to secrete more viscous material, and hence the mucous layer will 
be repaired and the acid will be washed away from the cells promptly to prevent 
prolongation of this contact. In these ways, continuity of the mucus layer is main- 
tained. Furthermore, it must be remembered that the mucus layer does not protect 
the surface and crypt cells from contact with erosive acid chyme by imposing an 
unchanging and impermeable wall between the two. On the contrary, the mucus 
may be coagulated as well from the lumen side as from the tissue side, and repair 


of this protective jayer occurs by the same processes in both cases. In other words, 


the mucus layer permits of movement of gastric juice in both directions, and it is 
chiefly because of its efficient self-regenerating character that the mucous barrier 
is able to repair the resulting defects in its first line of defense—under ordinary 
conditions. 

Now, on occasion, because of excessive aggression by either endogenous or 
exogenous irritant agents, the rate of regeneration of the mucus layer may not be 
able to keep pace with its removal. In this event, the irritant, making contact with 
the exposed columnar cells, may loosen the cement substance in which the cells are 
supported and thus induce their desquamation. As demonstrated above, this shed- 
ding of cells tends to build up the mucus layer rapidly and to give it greater thickness 
and greater viscosity than before, at the same time carrying the irritant agent away 
from further contact with underlying layers of the mucous epithelium. In this 
way, the second line of defense of the mucous barrier is brought into play in an 
ordinary emergency. If the emergency be great enough, desquamation may proceed 
to a considerable depth, but the amazingly rapid regenerative power of the cell layer 
in a healthy stomach soon corrects this destruction. 

How, then, does the ulcer-susceptible mucosa differ from one which is free of 
the disease? It is generally believed that peptic ulceration in man results from a 
predominance of the aggressive acid-pepsin factor, such as actually occurs in many 
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of the experimental situations designed to induce these lesions, e. g., ulcers caused 
in dogs by histamine in beeswax. Much of our thinking about the clinical entity 
has related its etiology to hypersecretion, and the recent resurgence in this country 
of vagotomy as a therapeutic procedure was based by Dr. Dragstedt on the occur- 
rence of a hyperactivity of the neural phase of gastric secretion. However, statistical 
studies of gastric acidity in man reveal that gastric ulcer usually occurs in persons 
with normal or even low acid output and that although duodenal ulcer is usually 
associated with hypersecretion it not infrequently is found also in patients with 
normal acid values. On the other hand, hypersecretion may be encountered in 
persons who have never given signs of peptic ulceration in either viscus. Further- 
more, if ulceration were the result only of hypersecretion it would tend to manifest 
itself as a diffuse process or at least in multiple discrete lesions. According to 
3ockus,*? however, the disease is limited to a solitary lesion in 95% of all cases of 
gastric ulcer, and in the group of duodenal ulcers to about 75% ; only infrequently 
do we encounter more than two simultaneously active lesions. From these facts 
it is evident that the etiology of peptic ulcer disease in man should be sought else- 
where than in hyperactivity of the aggressive factor—rather in changes occurring 
in discrete areas of the gastric or duodenal wall. To this end we may invoke our 
hypothesis of defense against autodigestion in terms of the two-component mucous 
barrier # and view peptic ulceration as resulting from a shift in the dynamic balance 
of the two opposing factors, in the following way. 

In the first place, it is conceivable that a deficiency may occur in the mucus- 
secreting activity of the columnar cells for metabolic or other reasons, e. g. an 
inadequate supply of one of the chemicals necessary for mucin synthesis or a 
diminution in the ability of the cells to effect this synthesis from the materials which 
are supplied them by the local circulation. Such generalized deficiency in mucus 
output has been suggested by a number of physicians, and one of these, Kaufman,*® 
proposed the designation amyxorrhea gastrica for this condition. Attempts to 
demonstrate a lowering of the concentration of mucus secretion in the gastric juice 
of ulcer patients have not yet been successful—perhaps because the analytical 
methods for routinely determining the concentration of mucus are inadequate.*° 
Also, if such deficiencies do occur, but only in isolated areas of the mucosa, some 
means other than assays of mucus content of gastric aspirates will be necessary to 
demonstrate them. 

On the other hand, the balance between aggression and defense may be upset by 
discrete changes in the second line of defense. Such an upset would clearly result 
from any local physiological change which reduces the rate of reconstitution of the 
mucous epithelial layer after its impairment. If the rate of regeneration lags behind 
the rate of desquamation, the mucosa will suffer progressive denudation in this 
circumscribed area until the layer of gland tubules has been exposed and even 
destroyed, thus forming an acute ulcer, which may even go on to perforation. If, 
however, effective regeneration again becomes operative before mucosal penetra- 
tion has gone very far, the lesion begins to heal in spite of the continuing presence 
of the aggressive acid-pepsin factor. Under some circumstances the regenerative 
process may be intermittent, and then the lesion will present the morphological 
characteristics of a chronic ulcer. Reasoning back a step further, we ask what the 
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factors may be which influence this rate of mucosal repair. These factors are the 
commonly recognized by 


, 


physiological counterparts of the “predisposing factors’ 
clinical gastroenterologists. Among these are local ischemia of emotional origin, 
with its corollaries of localized anoxia, inadequate supply of nutritive elernents, and 
the local accumulation of waste products of metabolism; the nutritional status 
of the body generally, especially as regards deficiencies in specific dietary com- 
ponents such as a particular amino acid or vitamin; endocrine factors possibly 
associated with adrenal activity, and neurotrophic influences of organic and emo- 
tional origin. Another group of factors which may relate to the efficiency of 
mucosal repair are differences in the arteriovenous shunts and possibly in end 
arteries, if the latter occur in the stomach. Differential operation of these several 
factors in different areas of the visceral wall can easily account for temporal and 
geographical differences in vulnerability of the mucosa and hence in ulcer incidence. 
The difference between experimental animals, which are generally free of spon- 
taneous gastrointestinal ulcers, and man, in whom the incidence of ulcer disease is 
distressingly high, indicates the indispensability of one or more of these predisposing 
factors for the development of a peptic ulcer. Trauma to the mucosa of a person 
who is free of this disease, or excision of a small area of gastric mucosa in the dog 
(a so-called excision ulcer), may at times give the appearance of a spontaneous 
acute ulcer. Nevertheless, such artificial lesions will be completely healed within 
a short time, even as short as two or three weeks, in spite of their being bathed a 
large part of this time by active gastric juice. For these and other reasons which 
have already been given, I believe that the experimental search for a definitive and 
reasonably complete picture of the pathogenesis of ulcer disease must be built 
around this concept of a two-component self-regenerating mucous barrier which 
is the normal defender of the mucosa against the aggressive action of its own gastric 
juice as well as against exogenous traumatic agents. An investigation along these 
lines is now being carried out in our laboratory by Drs. Janowitz and Weinstein. 
This hypothesis has also been proposed as the basis of an investigation to discover 
whether a synthetic carcinogen can induce a gastric adenocarcinoma when applied 
topically to the glandular mucosa of an otherwise susceptible mouse stomach, 
although it will not do so ordinarily in the absence of a defect in the protective 
barrier. Such a line of research has also been under way for some time in our 
laboratory, and it is hoped to report some of the results in the near future. 


CONCLUSION 
Current concepts regarding the etiology of peptic ulcer deal with this disease 
as a localized autodigestion of the gastroduodenal mucosa resulting from a physio- 
logical disturbance in the balance of two factors: (1) the aggressive factor, the 
immediate agent of tissue digestion; (2) the defensive factor, the normal agent of 
protection against the aggressive factor. The aggressive agent is almost universally 
identified with the acid-pepsin mixture contained in the chyme and generally 
occupies a dominant position in our thinking about the pathogenesis of the disease. 
Hence, it may be expected that solution of the ulcer problem depends on resolution 
of the basic physiological question: “Why does the living stomach of a warm- 
blooded animal not digest itself?” 
Since 1800 the defensive agent has been identified with the layer of mucus secre- 
tion covering the glandular epithelium. In the present report, experimental evidence 
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is presented to support the hypothesis that the mechanism of defense involves two 
integrated components: (1) the layer of viscous mucus, which constitutes a first 
line of defense, and (2) the layer of columnar and cuboidal cells of the surface and 
crypts, which constitutes a second line of defense. The operation of this two-com- 
ponent mucous barrier as a protective agent against autodigestion is described in 
terms of its physical, chemical, and biological characteristics. Then, since peptic 
ulceration is essentially the result of autodigestion of the wall in discrete areas, a 
working hypothesis of the pathogenesis of this disease is developed on the basis of 
this amplified concept of the normal defense mechanism. One consequence of this 


composite etiological picture is that expressions like “breakdown of tissue resist- 


ance” and “predisposing factors,” long in use in connection with ulcer disease, take 
on definitive meaning in terms of disruption and repair of the mucous barrier. The 
concept here presented affords a basis for experimental investigation of the ulcer 
problem drastically different from that which dominates current thinking on the 
subject—a new integrated basis which has long been needed to supplement or 
replace the older hypothesis grounded primarily on augmented and prolonged gastric 
secretion by the ulcer patient. 
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REVIEW OF RHEUMATIC DISEASES 
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N RECENT years American physicians and biologists have given of their thought 

and effort to this enticing topic in a measure unprecedented and with results 
unmatched in medical history. Hence, the features of some rheumatic diseases 
appear more distinct and meaningful. Their reaction to familiar and new influences 
can be presaged with greater accuracy. For the first time the effect of a potent 
antirheumatic alkaloid used empirically since 600 A. D. can be rationalized. Satis- 
factory control of two major clinical forms of rheumatism has become a reasonable 
expectation. 

If this synopsis were to register current reports in rheumatology according to 
their commonest subject, those dealing with experimental treatments would domi- 
nate in number and volume. The supply of new remedies indeed exceeds the 
capacity of facilities for sound appraisal in the laboratory and clinic. Rheumatic 
diseases, many of obscure origin, tend to a chronic and remitting course, which may 
be readily misinterpreted in the process of investigating a new form of treatment. 
Against the risk of depreciating therapeutic currency by means of the printing press, 
authors, editors, and readers will find a safeguard in the standard criteria for 
evaluation of treatment presented and discussed again in the “Manual for Arthritis 
Clinics.”* 

PREVENTIVE MEASURES 

Infectious Arthritis —Prophylaxis of acute pyogenic arthritis has been increas- 
ingly successful since the development of antibiotic therapy against primary micro- 
bial infections. The application of Prontosil in 1933 to experimental streptococcic 
lesions and of penicillin in 1939 to staphylococcic, streptococcic, and gonococcic 
diseases established the dual premise for the notably effective prevention of common 
and destructive forms of arthritis. Whereas 15 years ago infectious arthritis still 
accounted for about 10% of the annual census in a general arthritis clinic, currently 
0.2% of adult patients seeking treatment at 10 arthritis clinics in New England carry 
this diagnosis. The incidence of gonococcal arthritis complicating genitourinary 
gonorrhea has been reduced by 90% and that of pyarthroses due to other infective 
organisms has similarly declined (Hollander and others, 1953). 

Rheumatic Fever—Most, if not all, cases of rheumatic fever ensue upon infec- 
tions with beta hemolytic streptococci, although about 40% of these infections 
remain clinically silent. Recurrences frequently develop in rheumatic fever subjects 
in the course of a new infection with hemolytic streptococci, but these patients are 
less prone to further attacks as the interval between streptococcic infections 
increases. Such observations suggested trials of experimental prophylaxis of strepto- 


* Prepared by a committee of the New York Rheumatism Association, Edward F. Hartung, 
Chairman, and issued by the Arthritis and Rheumatism Foundation in cooperation with the 
National Institute of Arthritis and Metabolic Diseases. 
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coccal infections in patients known to have had rheumatic fever. During the past 
decade the possibility of preventing recurrences of rheumatic fever has been con- 
vincingly demonstrated, and the evidence has recently been summarized (Rantz, 
1952) and amplified ( Bengtsson and Birke; Bundy ard others; Massell). Duration 
of prophylaxis in rheumatic fever may be varied according to the degree of carditis, 
the age of the patient, and the estimate of his vulnerability to further streptococcal 
infections. Sulfadiazine, 0.5 to 1 gm. daily, or di-penicillin G, 200,000 units orally 
twice daily, have proved effective. Massell suggests that all illnesses in a young 
person having a temperature of 101 F. or higher and accompanied by respiratory 
manifestations should be considered hemolytic streptococcal infections until proved 
otherwise. They should be treated with penicillin as soon after onset of symptoms 
as possible. 

Incalculable significance attaches to an epidemiologic study conducted at the 
Francis E. Warren Air Force Base, Wyoming. There, Rammelkamp and others 
succeeded in primary prevention of rheumatic fever by prophylactic treatment of 
preceding streptococcal infection. Patients admitted to the hospital for respiratory 
disease were examined within a few hours and included in the study if exudative 
pharyngitis was present. A total of 2,340 men so qualified, and, of these, 1,178 
whose serial number ended in an even digit were designated for testing, whereas 
1,162 with an odd number served as controls and received nonspecific treatment 
The former were given procaine penicillin G intramuscularly as soon as possible 
after admission. Both groups were investigated during the third and fourth week 


after the initial infection, and patients suspected of having acute rheumatic fever 
were hospitalized for complete and definitive diagnosis according to uniform criteria. 


In the group treated prophylactically rheumatic fever developed in 2 patients com- 
pared to its occurrence in 28 in the group given supportive treatment only. The 
most marked bacteriologic benefit had followed three injections of penicillin, total- 
ing 1,200,000 units, over a 96-hour period. Given early in the course of exudative 
pharyngitis, the treatment eliminated streptococci from the oropharynx and inhibited 
the rise in antistreptolysin O titer observed in the controls (Denny and others; 
Wannamaker and others). Like penicillin, chlortetracycline (Aureomycin) caused 
a reduction of the expected incidence of rheumatic fever and of the streptococcus 
carrier rate and prevented the formation of specific antibodies when administered in 
doses of 8.5 to 11 gm. over a period of four to six days (Eckhardt and others). 

For practical purposes, streptococcal origin of respiratory infections should be 
assumed upon sudden onset of sore throat associated with constitutional symptoms 
and cervical adenitis. In typical cases the pharynx will be inflamed and edematous 
and will contain exudate. A rise in the leucocyte count to 10,000 or more provides 
corroboratory evidence; in doubtful cases, cultures may be prepared before and 
interpreted after treatment. The apparent failure of prophylaxis in some epidemics 
may have been due to separate infection with different strains of hemolytic strepto- 
cocci under ecologic and seasonal conditions favorable to the spread of these bacteria. 
In persons known to have had one or more attacks of rheumatic fever, continuous 
rather than occasional antibiotic prophylaxis should be used (Massell and others). 

The use of antimicrobial agents on an epidemiologic scale may intensify the 
occurrence of varied and occasionally serious reactions of hypersensitivity (Riley). 
Direct toxic effects on tissues and the permissive spread of facultative pathogens 
such as Candida (Monilia) may also be expected. Of more ominous portent is the 
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evolution of resistant strains, which has already been demonstrated in the relation- 
ship of staphylocccci to penicillin and of Group A hemolytic streptococci to sulfon- 
amides (Finland and Weinstein; Blaunt and others). 

Although the administration oi cortisone and corticotropin to some patients with 
acute rheumatic fever is followed by striking clinical improvement, the evidence to 
date has not shown endocrine therapy capable of preventing rheumatic carditis 
(Sheinkopf and others; Shopfner and Seife; Spain and Roth). 

Rheumatoid Arthritis —Statistical studies indicate that rheumatoid arthritis has 
a familial trend and that it is frequently precipitated by various types of infection, 
by the menopause, and by physical trauma (Edstrom). Endocrine crises in the form 
of puberty, childbirth, or even exophthalmic goiter (Graves’ disease) and emotional 
disturbances have also been described as initiating factors. If one assumes that 
rheumatoid arthritis can be potentiated in a constitutionally susceptible person by 
one or several of these events, the chance of primary prevention appears remote. It 
is reasonable, however, to strive for the avoidance of crippling deformities, which 
constitute the major individual and communal hazard of this disease, by application 
of the following prophylactic measures : 

1. Minimize the work of the inflamed joints by supports such as canes, crutches, splints, 
casts, half-shells, or braces and by the regulation of daily activities which entail walking, standing, 
stair climbing, and stressful occupational movements. 

2. Guard against flexion-contractures, which in recumbent patients are fostered by sagging 
mattresses, pressure of bed covers on toes and feet, external rotation of the legs, or increased 
strain to the cervical spine, to the shoulder joints, or to the elbows. The risk of deformation may 
be reduced by firm back supports, lateral sandbags for the legs, footrests, the provision of an 
overhead frame, and the positioning of the afflicted joints upon plaster or fabric shells in an 
attitude optimal for future function. 

3. Carry the rheumatoid joint and those articulations distal and proximal to it twice daily 
through the full range of motion. 

4. Exercise regularly the groups of muscles associated with rheumatoid joints to prevent 
atrophy and subluxation. For the proper execution of exercises it will always be necessary to 
promote relaxation of muscles by various forms of heat, such as hot packs, baths, or infra-red 
radiation, which should be applied to tense muscles. For the same purpose, subtoxic doses of 


salicylates should be given on a regular schedule. 


Osteoarthritis —Insofar as physical injuries, both acute and chronic, commonly 
precipitate symptoms and disability of degenerate joint disease (osteoarthritis), it is 
desirable to prevent or correct identifiable strains on articular structures. This 
applies particularly to adults, as the regenerative power of hyaline articular cartilage 
decreases after maturity (Saaf). Mechanical stresses due to faulty posture and 
congenital or traumatic derangement of skeletal members should be corrected 
wherever possible by physical therapy, orthopedic devices, or surgery (Kendall and 
others). Articulations which are subject to excessive occupational demands may 
require protection. It is frequently feasible to adjust the position of a worker in 
relationship to his object of performance so that attitudes, weight lifting, or motion 
of unphysiologic nature can be avoided. Obese patients have symptoms of osteo- 
arthritis more often than do persons of normal or subnormal weight. Clinical 
experience has shown that correction of obesity decreases the incapacitation from 
osteoarthritis, and a preventive program is indicated for all persons after the age 
of 35, as the incidence of osteoarthritis rises steeply during the fourth and fifth 
decades of life. A fatty diet markedly enhances the development of osteoarthritis in 
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experimental animals, possibly by a more direct effect than gain in weight (Silber- 
berg and Silberberg [a and b] ). The use of vibrating tools may precipitate diseases 
of blood vessels, bones, joints or muscles and a form of reuritis. Vibrations ranging 
from 3,000 to 3,500 per minute and those with larger amplitude induce Raynaud’s 
phenomenon, whereas vibrations of 1,500 per minute tend to cause osteoporosis and 
arthritic changes (Hoerner). It is therefore suggested that work involving these 
hazards be rotated among personnel and that mechanical insulation be applied to 
the objects of vibration. Chilling alone increases friction between articular cartilages, 
and simultaneous exposure to cold and vibration should be avoided, particularly by 
workers with spontaneous vasolability. 

In acute hemarthrosis, such as frequently occurs in the course of hemophilia or 
incident to trauma, there is considerable risk of permanent disability from intra- 
articular fibrous proliferation and ankylosis. This may be prevented by hyaluroni- 
dase, in 1,000 turbidity-reducing units mixed with 1% procaine and given by 
intra-articular injection of about 4 to 5 cc. into a major joint after aspiration of 
the hemorrhage and transfusion (MacAusland and Gartland). 


CAUSATION AND CONTRIBUTORY FACTORS 

Rheumatoid Arthritis—The etiology of this inflammatory process remains 
unknown. It could conceivably be initiated by a micro-organism, a noxious metabo- 
lite, a damaging external factor, metabolic degradation, or faulty production of 
connective tissue (Bauer and others, [a]). The search for a disturbance in the 
adrenal cortex as a primary or intermediary mechanism is incomplete, awaiting 
technical refinement of physiologic assays. Dobriner and his associates were able to 
demonstrate the excretion of an unusual steroid, 17-hydroxypregnanolone, in the 
urine of a few rheumatoid patients, but histologically the adrenal glands of persons 
afflicted with various rheumatic diseases were not significantly different from those 
of presumably normal persons (Sokoloff and others, 1951 [b]). 

The urinary excretion of certain amino acids treated with corticotropin is quanti- 
tatively abnormal in rheumatoid patients (Borden and others), but in general 
metabolic responses to adrenocortical therapy studied so far have not served to 
distinguish rheumatic patients from others nor has the antirheumatic effect of these 
hormones been identified as a corrective to physiologic imbalance. A large number 
of experimental animals have been unilaterally nephrectomized and given sodium 
chloride solution and treatment with desoxycorticosterone acetate (DOCA) without 
evidence of arthritis developing (Rosenberg and others). 

The biologic profile of rheumatoid patients has been further outlined in a com- 
prehensive statistical analysis of 1,064 subjects and controls under the auspices of 
the Empire Rheumatism Council. Among 400 outpatients, the ratio of females to 
males was 3.1:1, and the mean age at onset among 552 patients was close to 42 
years for males and 41 for females. The risk of development of rheumatoid arthritis 
appeared to increase progressively for males and single females with each age group 
up to 55 years of age. For married women the risk grew up to the age of 35 and 
then remained stationary. There was no difference in frequency of allergic diseases 
between patients and controls before or after the age of 15 or within two years or 
three months of onset. Patients and controls did not differ in familial tendency to 
allergic diseases ; approximately 5% of parents and 1% of siblings in either group 
gave a positive history. Coexistent endocrine disturbances were found in only 1% 
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of 302 patients especially investigated for this purpose. Twenty-two per cet of 
patients, as against 10% of controls, had foci of infection concurrently. Familial 
incidence in patients was double that in controls, namely 5.3% and 2.3%, respec- 
tively, when grandparents, parents, uncles, aunts, brothers, and sisters were included 
and 11% and 4.6%, respectively, when only parents, brothers, and sisters were 
considered (Barter). 

As in several previous experiments, attempts to transmit rheumatoid arthritis 
by injecting biological material from patients into nonrheumatoid recipients were 
inconclusive (Levinsky and Lansbury). However, various infectious diseases may 
precipitate the first attack or a recurrence of rheumatoid arthritis (Edstrom). If, 
therefore, over 80% of 532 patients reported from Great Britain gave no history of 
infection within three months of onset, one inclines to attribute this result to the 
notorious failure of anamnesis, particularly in chronic diseases. For the same reason, 
historical determinations on the relation to trauma must be cautiously interpreted. 
Positive findings in 3.5% of over 2,000 adults and in 6.4% of 94 children (Edstrom) 
need not fully reflect the etiologic significance of physical injury to rheumatoid 
arthritis. 

Spondylitis—Ankylosing spondylitis appears to be inherited as a single chromo- 
some dominant factor with incomplete penetrance. Penetrance differs between sexes, 
being 70% in men and 19% in women. Stecher and Hansen have compiled obser- 
vations on 80 sibling pairs from personal and published material, indicating that the 
disease is not a sex-linked character. For unknown reasons, men are much more 
frequently affected than are women, but in female index cases the incidence is much 
higher than in male index cases. Because of the differential sex incidence of the 
peripheral and spinal forms of rheumatoid arthritis, Teixeira speculated on localizing 
factors associated with gonadal hormones. He treated peripheral arthritis in women 
with testosterone and spondylitis in men with estrogens, observing a tendency to 
clinical approximation of the two syndromes. Like rheumatoid arthritis generally, 
the spinal variant may be precipitated by acute infections and by trauma. 

Rheumatic Fever——For his fundamental contributions to the pathogenesis of 
rheumatic fever, H. F. Swift was honored in May, 1953, by the American Rheu- 
matism Association. He has summarized, from an abundance of personal studies 
and historical data, the evidence on the relationship of streptococcal infections to 
this disease. Both clinical facts and animal experimentation suggest the hypothesis 
that it develops in patients who have had successive Group A streptococcal infections 
of heterologous type and who have sustained an increased irritability of certain 
tissues to the bacterial invaders (Swift). Such patients respond in an altered 
immunologic fashion which may result from bacterial or host factors, since there is 
evidence of predisposition to increased antibody production (Adams and others, 
1952). Immunological hyperactivity may therefore be responsible in large part for 
the development of rheumatic fever and may also be the inherited characteristic that 
accounts for the high attack rates in certain families (Rammelkamp and others). As 
either rheumatic fever or glomerulonephritis may follow infections with hemolytic 
streptococci, the coincidence of these diseases was of special interest. The com- 
bination was found in 2.5% of 117 patients with acute nephritis, of which another 
1.7% had rheumatic heart disease. Three per cent of the rheumatic series examined 
after death, totaling 188 cases, had acute glomerulonephritis, and chronic nephritis 
was present in an additional 2%. Of patients with nephritis 4.2% had acute or 
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chronic rheumatic heart disease, while in the rheumatic series 5% had glomerulo- 
nephritis, either acute or chronic. Hartman and Bland conclude, therefore, that 
nephritis occurs somewhat more frequently in patients with rheumatic fever and 
rheumatic heart disease than is usually suspected and, conversely, that involvement 
of the heart is not uncommon in certain cases of nephritis. An interesting parallel 
to this report is contained in several observations of coexisting glomerulonephritis 
and chronic polyarthritis, confirmed by autopsy (McManus and Hornsby). 

Sydenham’s chorea may be precipitated by pregnancy and then tends to be 
associated with acute psychoses and acute carditis. Of 285 pregnant women with a 
history of chorea in childhood 11, or 4%, suffered a recurrence. None of the patients 
had arthritis in association with chorea of pregnancy, but 34.6% had evidence of 
carditis (Beresford and Graham). Whereas crowding of populations appeared to 
have contributed to the prevalence of rheumatic fever in some areas (Quinn and 
others), it did not show this effect in two communities of New York State, where, 
rather, a history of tonsillitis and related illness was associated with rheumatic fever 
in a Statistically significant manner (Coulter). 

Infectious Arthritis —Suppurative diseases of joints are most commonly caused 
by staphylococci and streptococci. Direct implantation may occur as by gunshot 
wounds, compound fractures, stab wounds, or postoperative infections. In younger 
persons purulent arthritis frequently develops from extension of osteomyelitis. 
However, most infections enter the joint via the bloodstream from primary foci 
elsewhere (Steindler [a] ). Benign polyarthritis often develops during convalescence 
from bacillary dysentery (Chaudhuri and others). The nature of this process, which 
occurs during the second or third week of the infection, is unknown, as bacteri- 
ological examination of synovial effusions has been inconclusive. Infections with 
Brucella organisms, endemic in several Spanish provinces, such as Zaragoza, Ternel, 
Navarra, and Loria, were associated with articular manifestations in over 41% of 
5,000 cases (Oliver). Certain viruses, for instance those of German measles and 
lymphogranuloma, are known to cause articular symptoms and signs. Mumps has 
also been complicated by arthritis involving the small and large peripheral joints. 
In four of these cases there were migratory effusions, unaffected by salicylates. The 
arthritis improved spontaneously after several weeks, leaving no residuum (Appel- 
baum and others). 

Gouty Arthritis—The radioactive isotope N** has been used in critical experi- 
ments elucidating the metabolism of uric acid. When labeled uric acid of known 
concentration is injected by vein, the resulting dispersal of N?° in body fluids affords 
a comparative measure from which may be calculated the “miscible pool,” thought 
to represent the body uric acid capable of mixing promptly with adventitious uric 
acid (Bishop and others [a] ; Stetten). This technique has yielded a new biochemi- 
cal criterion distinguishing gouty from nongouty persons. The size of the uric acid 
pool in the former may be 100 to 1,000% of that in the latter. The gradual decrease 
in concentration of isotopic uric acid corresponds to the rate of turnover. Studies by 
Talbott and by Gutman have shown that uric acid can be synthesized in the body 
from simple foodstuffs containing the basic elements. A heretofore controversial 
issue has been clarified by the demonstration that some gouty persons are able to 
produce an excessive amount of urate, as previously suggested by Talbott. For 
example, gouty patients can utilize three times the normal fraction of dietary glycine 
for the synthesis of uric acid (Stetten). About 20% of uric acid normally produced 
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each day undergoes destruction by metabolic degradation rather than by the action 
of bacterial enzymes in the intestinal tract, as was formerly thought. The gouty 
subject shows normal glomerular filtration or even increased urinary excretion of 
uric acid (Friedman and Byers). Diets high in protein appear to enhance the 
incorporation of amino acid nitrogen with uric acid in both normal and gouty 
persons. 

Psychosomatic Elements—The complex interaction of emotional disorders and 
skeletal diseases has been subject to further study by qualified investigators. Ludwig 
described the psychological structure of patients with rheumatoid arthritis. All 
showed gross, but not specific, chronic emotional abnormalities antedating the onset 
of arthritis and manifested by excessive dependency. In some patients the outbreak 
of physical illness was immediately preceded by an event threatening the loss of 
support, affection, or an object of identification. A long-term study of psychiatric 
factors in rheumatoid children has tentatively shown significant correlations, but, 
in contrast to adults, children with arthritis give evidence of psychosomatic reaction 
to isolated events. Children with rheumatic fever exhibit psychological disturbances 
oftener than do normal children, but there is no definite pattern of abnormal traits 
(Bakwin; Bauer). Emotional difficulties can be expected to develop or to intensify 
in the course of most chronic forms of arthritis. Anxiety may be expressed in 
somatic equivalents, e. g., muscle tension is probably the commonest cause of cervical 
neuralgia (Holbrook). Mytonia is capable of creating a pressure equal to 11 kg. 
per square centimeter of cross section of resting muscle (Kaufman). Such a force 
can lead to considerable stress and, when protracted, conceivably to nutritional 
injury of articular cartilage. Hypofunction of skeletal muscle occurred in response 
to emotional stresses in certain rheumatic patients. Such provocations frequently 
precipitated and aggravated attacks of typical pain in the low back, in the neck, and 
in the extremities (Holmes and Wolff). In a patient with severe rheumatoid arthritis, 
leucotomy was performed because of associated mental disturbances. There resulted 
marked changes in the personality, but the arthritis appeared to be uninfluenced 
(Sargant). 

Occupational Factors ——Tellefsen noted that heavy outdoor work increases sus- 
ceptibility to rheumatic diseases. Evidence obtained by a survey of American 
population samples in 1951 supported the hypothesis that rheumatism and arthritis 
of all forms combined are most prevalent in the population of farm areas. The 
percentage of persons engaged in farming reported as having rheumatism or arthritis 
is higher than among employed persons in general. On the other hand, professional, 
technical, and clerical workers tend to have a lower prevalence incidence in com- 
parison with all employed persons of their own sex. Eleven per cent of farmers and 
farm managers; 8% of farm laborers and foremen; 6.3% of laborers; 6.1% of 
craftsmen, foremen, and operative workers; 5.2% of clerical workers, and 3.6% 
of technical and professional workers were reported to have arthritis or rheumatism 
(Woolsey ). 

CLINICAL CHARACTERISTICS 

Osteoarthritis—The manifestations of degenerative joint disease, except for 
malum coxae senilis, are generally considered benign, if transitorily disabling and 
painful in some cases. Brain, Northfield, and Wilkinson, however, described severe 
neurologic complications of cervical spondylosis and would distinguish these from 
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the syndrome of herniated nucleus pulposes on clinical and pathological grounds. 
In 38 of 45 patients they found symptoms and signs of damage to the spinal cord or 
nerve roots. The average age at the onset of such symptoms was 49, three-fifths of 
the series, comprising 37 men and 14 women, being 40 to 59 years of age. There 
was no history of trauma in 29 cases, while 6 patients acknowledged a fall or head 
injury months or years prior to onset of symptoms. In them and two others trauma 
was immediately followed by symptoms persisting to the time of examination. Post- 
mortem examination of six men and two women, who died either of the disease or 
of other causes, furnished the material for pathological study. In all cases, the dura 
was thickened and adherent to the posterior longitudinal ligaments. The nerve roots 
were tethered by adhesions of their dural sleeves externally to the edges of the 
intervertebral foramina, which reduced the normal mobility of the cord. The discs 
showed signs of marked degeneration, and there was evidence of pressure on the 
spinal cord by a transverse bar which narrowed the anteroposterior diameter of the 
spinal canal. Such protrusions occurred most commonly in the midsection of 
the cervical spine. Initial symptoms in order of frequency were pain, weakness, 
and paresthesias. Pain was referred to the neck, to one or the other shoulder, to 
one or both arms, to the chest, or to the legs. Weakness and paresthesias were noted 
in one or both upper and lower extremities. Motor symptoms were present in only 
one patient, in the upper extremities. Muscular wasting, altered sensation, and 
reflex changes were also observed. The spinal fluid showed no consistent abnor- 
mality. Myelography usually demonstrated the protusion of one or more inter- 
vertebral discs, sufficient to cause a substantial reduction in the subarachnoid space. 
Epstein and Davidoff have observed similar lesions in osteoarthritis of the lumbar 
spines of six male patients ranging from 30 to 60 years of age. The symptoms were 
severe enough to cause incapacitation and the loss of deep tendon reflexes and 
sensory changes. In two of the younger patients the clinical picture closely resembled 
that following herniation of a disc, but at operation the lesions appeared to consist 
of lateral bony excrescences, compressing a single nerve root at the foraminal exit. 
In the other cases the primary lesions were single or multiple ridges, crossing the 
midline and severely constricting the spinal canal and its contents. In 12 cases from 
another series this complication of osteoarthritis of the spine was held responsible 
for the development of spastic paraplegia (Spillane and Lloyd, 1951 and 1952). 
Indeed, Bedford, Bosanquet, and Russell observed histologic evidence of spinal cord 
degeneration in three cervical segments which were spacially related to osteoarthritic 
processes about the fifth, sixth, and seventh cervical vertebrae and to markedly 
thickened denticulate ligaments. 

Forestier and Rotes-Querol reported nine cases of an unusual rheumatic disorder 
which they named “senile ankylosing hyperostosis of the spine.” The syndrome was 
found in men exclusively, between the ages of 50 and 75, with stiffness of the dorsal 
and lumbar spine, causing moderate discomfort without significant changes in 
posture. The peripheral joints were not involved, and there was no evidence of 
systemic illness. The alkaline phosphotase of serum measured in two cases was 
6.5 and 5.3 Bodansky units, respectively. Characteristics of the spine were seen in 
x-rays and were demonstrated at necropsy. Proliferations of bone arose from the 
whole of the vertebral bodies, covered their anterolateral aspects, extended across 
the intervertebral spaces, and were separable from the anterior vertebral ligaments. 
The adventitious bone had a dense cortex, and its cancellous part was continuous 
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with that of the vertebrae proper. At the level of the intervertebral disc these 
hyperostoses were thickened, and they occasionally covered osteophytes which were 
present at the same time. The authors offer no etiologic reasoning other than 
possible trauma. The reproductions of their roentgenograms in Figures 1 and 6 
are suggestive of changes seen in acromegalic joint disease. Kellgren and Moore 
believe than one should distinguish a group of patients with osteoarthritis and 
Heberden’s nodes from the general syndrome of degenerative arthritis which occurs 
with advancing age. The authors saw a separate clinical pattern in more acute 
articular manifestations, sudden onsets, and a certain topography of joint involve- 
ment. If these criteria have delineative merit, they may reflect the effect of con- 
tributory factors in osteoarthritis such as Stecher and his associates identified in 
the case of Heberden’s nodes. 

Rheumatoid Arthritis—In earlier descriptions of this disease one commonly 
finds references to so-called prodromal symptoms: fatigue, myalgia, weight loss, 
sweating, tremor, and paresthesias. These are now recognized as integral parts of 
the constitutional illness and also include Raynaud’s phenomena which frequently 
accompany the onset or subsequent course of rheumatoid arthritis. Signs of vaso- 
motor spasm may occur in a variety of rheumatic disorders, such as pneumatic 
hammer disease and cervical rib, scalenus anticus, costoclavicular, and hyperabduc- 
tion syndromes (Beyer and Wright; P. F. Hansen). Other extra-articular mani- 
festations of rheumatoid disease, occasionally anteceding articular involvement by 
months and even years, are iritis and uveitis (Stillerman). These serious rheumatic 
inflammations of the eye are most common in spondylitis. Among 148 patients at a 
London hospital 13 had iritis at some time during the course of the illness, and in 


11 patients who first sought medical attention for iritis its rheumatic nature had not 
been suspected (Birkbeck and others). In 21% of 200 cases the onset was preceded 
by iritis or tendonitis (Forestier). 


After any of the so-called prodromal symptoms there is great likelihood that 
more than one joint will become involved. The most frequently affected articulations 
are the finger joints, the wrists, and the knees; least frequently attacked are the 
sternoclavicular joints and those of the lumbar and dorsal spine. The articulations 
of the right hand alone were affected in 8% of the patients, those of the left hand 
alone in 3%. Synovitis developed initially in the joints of the right side of the body 
more often than in those of the left side, except for the ankles (Empire Rheumatism 
Council). It should be noted that the British report, in the European tradition, 
excludes ankylosing spondylitis as an entity apart from rheumatoid arthritis. Certain 
differences in the clinical characteristics of peripheral and spinal arthritis are gener- 
ally recognized: the demonstration of nodules in the former only (26.9% of cases, 
Edstrom), the reverse ratio of sex incidence, and, less significant, variations in 
response to certain treatments (Hart). Further evidence relating to this problem 
was presented by Baggenstoss and others (1952), who found typical rheumatoid 
nodules within the vertebral bodies of a rheumatoid patient who had died of athero- 
sclerotic heart disease. Interestingly, it was this investigator who over a decade ago 
documented the wide reach of rheumatoid pathology. His observations pertaining 
to cardiac lesions were extended in the clinic and laboratory (Bauer and others [b] ; 
Sokoloff). Rheumatoid heart disease in the form of pericarditis may be readily 
discerned during life, but endocardial and myocardial lesions have frequently escaped 
clinical detection. It has been demonstrated again that rheumatoid arthritis may 
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occur at any age. Thus, Edstrom reported nearly 5% of 2,034 cases in children 
prior to the age of 12, whereas Cecil and Kammerer presented 100 cases with onset 
in the seventh decade or later. The latter series showed an equal distribution 
between men and women. Twenty-seven per cent of 51 cases of Still’s disease were 
incorrectly diagnosed as rheumatic fever (Barkin). 

Rheumatic Fever—The major and minor criteria of rheumatic fever established 
by Jones in 1943 have been reviewed and weighed in the differential diagnosis with 
ordinary infections, nervous irritability, pyelonephritis, undulant fever, tuberculosis, 
acute mononucleosis, sickle cell anemia, atypical pneumonia, leukemia, Cooley’s 
anemia, acute appendicitis, subacute bacterial endocarditis, Reiter’s syndrome, gonor- 
rheal arthritis, and Schénlein’s disease (Griffith and Scheinkopf; A. E. Hansen). 
Pediatricians are generally alert to the risk of rheumatic fever even during the first 
few years of life, when it may simulate endocardial fibrosis. Thus, Logue and Hurst 
report on 26 patients below the age of 5, in 7 of whom the onset had occurred pre- 
sumably at 2 years of age or less. Splenomegaly was observed in 18 of 80 patients 
with rheumatic heart disease and could be accounted for in some cases by complicat- 
ing bacterial endocarditis, coexistent portal cirrhosis, or intercurrent infection. In 
13 cases, or 16%, the finding of an enlarged spleen could not be adequately explained 
(Bennett and Durant). 

Various Rheumatic Disorders—Reimann and Angelides described 23 instances 
of periarthralgia as a dominant non-sex-linked hereditary trait in five generations of 
one family. In this history, unusual in its familial pattern, the illness began with 
early infancy in most cases and persisted in some for 70 and 80 years. Although 
there was a tendency to bruising, no hematologic abnormalities could be discovered. 
The disorder has some characteristics of the Schonlein-Henoch syndrome, and a 
vasomotor disturbance may play a role in the pathogenesis. Further reports on 
psoriatic arthritis (Nunemaker and Hartman; Sterne and Schneider) favor the 
existence of a so-called “pure type” separate from rheumatoid arthritis with psori- 
asis. The interesting syndrome with the eponym of Reiter, characterized by arthritis, 
urethritis, and’ conjunctivitis, was originally considered a spirochetal disease. It is 
usually self-limited and benign and occurs chiefly in males and occasionally in 
epidemic form. More recently L-organisms have been isolated from a number of 
patients, but the true nature of Reiter’s disease remains unknown. To the triad of 
symptoms has been added dermatomucositis, and some patients whose conditions 
are thought to represent this syndrome have shown progressive destructive and 
ankylotic arthritis (Guck and Wolf; Hall and Finegold; Marche). Among the 
so-called collagen diseases scleredema may be distinguished from scleroderma by 
absence of induration and of atrophy of the skin. The disease may be chronic but 
usually disappears after months or years. Aside from edema of the skin, pleural 
effusions and hydrarthroses have been observed (Keefer). 

Technical Determinations—For the diagnosis of rheumatic fever, the anti- 
streptolysin “O” titer may frequently furnish corroboratory evidence, but it should 
not be considered a specific test for this disease or an indicator of its activity, dura- 
tion, severity, or outcome (Breese and Gray). The erythrocyte sedimentation rate 
increases in various abnormal conditions, including rheumatoid arthritis, in quanti- 
tive and direct relation to the concentration of fibrinogen in plasma, but it is influ- 
enced also by factors contained in serum, probably alpha 2 and gamma globulin 
(Hardwicke and Squire). Comparison of the erythrocyte sedimentation rate as 
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measured by the Rourke-Ernstene index and by the Wintrobe-Landsberg method 
shows a high coefficient of correlation. Although a discrepancy in the norm for 
males and females could not be resolved, investigators at the House of the Good 
Samaritan have arbitrarily chosen 0.40 mm. per minute by the Rourke-Ernstene 
and 16.0 mm. per hour by the Wintrobe-Landsberg method as the upper limits of 
normal for both sexes (Mahoney and others). The correlation of the sedimentation 
index to activity of rheumatoid arthritis is quite imperfect, but it is relatively more 
exact in moderately advanced than in early, mild, or late quiescent phases. It has 
been found that in recrudescences, such as follow hormone therapy, the plasma 
fibrinogen rises abruptly by as much as 50% in 24 to 48 hours (Fletcher and 
others). Rose’s test measuring agglutination of sensitized sheep cells has been 
applied in 700 diagnostic determinations on over 300 patients and controls. The 
results corroborate the validity of a positive test as a fairly reliable though non- 
specific index for rheumatoid arthritis, whereas in about 40% of known cases there 
was a negative result (Ball; Scott). The reaction was seldom positive until the 
disease was of one to two months’ duration. A weak agglutination of sensitized 
sheep cells may occur in many other diseases, and it may be strong in disseminated 
lupus erythematosus. It is generally negative in ankylosing spondylitis (Svartz 
and Schlossmann). The agglutinating factor has been ascribed to a heat-stable com- 
ponent of complement, labeled Cy by Hobson and Gorrill. An abnormal protein 
serologically identical with that discovered in response to pneumococcal C-poly- 
saccharide, and hence called C-reactive protein, was present in 139 patients with 
active rheumatoid arthritis. The disappearance of C-reactive protein was always 
associated with major clinical improvement. In no case in which the C-reactive 


protein remained demonstrable did the disease become clinically inactive. This 
correlation could be readily observed in all patients treated with corticotropin or 
cortisone, but the sedimentation rate showed no response during short courses of 
treatment (A. G. S. Hill). Absence of C protein was, however, not consistently 
associated with other signs of quiescence. In only 10 of 35 patients with negative 


reactions was the disease considered clinically inactive. The same substance occurs in 
patients with acute rheumatic fever (Wood and McCarty). The erythrocyte gluta- 
thione levels of rheumatoid patients were analyzed quantitatively before and after 
treatment with corticotropin, hydrocortisone, and cortisone acetate, but no signifi- 
cant changes attributable to rheumatic processes were found. Some variations in 
the glutathione SH levels in rheumatoid arthritis may be a function of the associated 
anemia (Watson and others). In patients with rheumatoid arthritis and other 
chronic diseases metabolism of glycine appears to be disturbed, as measured by an 
adaptation of Quick’s hippuric acid test of liver function (Lemon and others). 
Normally synovial fluid contains about 60 cells per cubic millimeter, of which 60% 
are mononuclear phagocytes, 24% lymphocytes, 6.0% polymorphonuclear leucocytes 
and 6% synovial and unidentifiable cells. The average relative viscosity of the fluid 
is 188 at 38 C. Normal hyaluronic acid may be precipitated with dilute acetic acid, 
forming a compact stringy mass in a clear solution. The average normal mucin- 
nitrogen concentration is 0.104 gm. per 100 cc., but in rheumatoid arthritis, particu- 
larly when the disease is severe and of long duration, hyaluronic acid undergoes 
depolarization and forms a diffuse precipitate with acetic acid (Clark and others, 
1952). 
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The diagnosis of acute or subacute disseminated lupus erythematosus is cor- 
roborated by the demonstration of “L. E.” cells. This reaction continues positive 
longer than any other laboratory test during remissions and sometimes aids in the 
differentiation of lupus from epilepsy, syphilis, and atypical rheumatoid arthritis. 
A false negative test may occur with unusually low concentration of gamma globulin. 
Suitable preparations may be obtained from heparinized bone marrow, from periph- 
eral blood with or without an anticoagulant, from plasma added to normal human 
or dog bone marrow, and from scrapings of cantharides blisters. The L. E. cell is 
a polymorphonuclear leucocyte containing round homogeneous masses of ingested 
nuclear material. The latter is histochemically and optically identical with the 
hematoxylin bodies found by Klemperer in the viscera of patients with disseminated 
lupus. Presumably, therefore, the L. E. cells contain partially depolymerized desoxy- 
ribonucleic acid (Berman and others; Brunsting; Hargraves; Haserick; Lee and 
others; Kurnick and others; Loewi; Mathis; P. A. J. Smith). The L. E. phe- 
nomenon is caused by a factor associated with gamma globulin (Kurnick and 
others). A simplified method requires no more than five minutes of examination in 
positive cases in which at least one L. E. cell may be seen among the first 100 poly- 
morphonuclear leucocytes counted (Lee). 

A scarcely known radiologic feature of early rheumatoid arthritis can occasion- 
ally be seen in periostitis of a metacarpal or a metatarsal bone. The reaction may 
involve the whole length of the shaft and as a rule is associated with synovitis in an 
adjacent joint. The process may become ossified or resolve in a few weeks without 


” 


a trace (Middlemiss). 
TREATMENT 

The history of antirheumatic therapeusis abounds with treatments thought at 
first to produce considerable benefit but subsequently proved irrelevant. Recent 
examples of this are pregnenolone and the combination of desoxycorticosterone 
acetate with ascorbic acid. Eighteen rheumatoid patients treated with the latter 
drugs were informed that they were the recipients of a new remedy which had given 
excellent results elsewhere. They were asked to observe carefully any effect upon 
joint symptoms, appetite, and general sense of well-being. Records were made of 
the grade of spontaneous pain, joint movement, and the ability to carry out certain 
actions. The power of grip was measured with a calibrated spring dynamometer. 
and tenderness was graded by the response to firm pressure on the affected joints. 
According to these criteria, 12 out of 18 patients showed improvement after the 
initial injection, whereas in 6 there were no appreciable changes. A later controlled 
investigation with the same agents gave entirely negative results and permitted the 
conclusion that the effects produced in the first experiment were not germane to the 
drugs employed. These effects, however, had been remarkable. A man, aged 51, 
with rheumatoid disease of four years’ duration, lost all his pain, joint tenderness, 
and stiffness. Before treatment he walked slowly and with great pain. After the 
injection, he spontaneously leaped over beds and ran down the ward. Appetite and 
power of grip were increased, and he was anxious to demonstrate his improvement. 
C. J. M. Clark states that the apparent beneficial change in this case would have 
compared favorably with that portrayed in films of patients before and after treat- 
ment with cortisone. For therapeutic trials in rheumatic diseases to be conclusive, 
the author postulates a neutral attitude in all concerned with the treatment; the use 
of inert control substances whose identity is unknown to the patient, observer, 
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nursing staff, and to all in contact with the patient; a preliminary period of observa- 
tion, and the simultaneous assessment of all available objective data. Bedford 
appraised the experimental error in the method of serial clinical assessments. This 
was described as a composite of unreliable measurements, the patient’s suggestibility 
to the personality of the examiner, the act of being observed, the maneuvers entailed, 
variations from hour to hour in the patient’s standard of pain, unconscious bias of 
the examiner, wish of the kindly patient to please or of the difficult patient to 
impress, and genuine fluctuations by the hour in the mood and symptoms of a patient 
with chronic rheumatoid arthritis. Because of these variables, the method of serial 
clinical assessment is unsuitable for therapeutic trials unless it incorporates a large 
number of experiments, statistically controlled and analyzed. 

Gouty Arthritis —As the individual attack of gouty arthritis may last for several 
weeks, it entails probability of significant damage to the articular structures, both 
from deposition of urates and from persistent synovitis with effusions. Hence, it is 
important to realize that several agents are capable of terminating an acute seizure 
of gouty arthritis. Crystalline colchicine given orally in doses of 0.5 to 1 mg. every 
two hours to a total of 6 to 10 mg. may be effective. The abatement of arthritis 
usually coincides with the onset of intestinal cramps, vomiting, or diarrhea. As 
delay in this therapy seems to reduce the frequency and degree of favorable 
responses, all gouty patients should carry colchicine for immediate use upon onset 
of articular symptoms or in the event of likely provocations, such as strain or injury 
to a joint. Whenever feasible, the first dose, of 0.65 mg., should be given by intra- 
venous injection (Gutman and Yii). Investigating the mechanism by which col- 
chicine benefits gouty arthritis, Bishop, Garner, and Talbott observed a striking 
reduction in the size of the uric acid pool and a decrease in the turnover rate. This 
indicates that colchicine may depress the rate of synthesis with or without a 
concomitant decrease in the rate of disposal. Corticotropin, given by intramuscular 
injection of 50 mg. twice to four times daily, likewise diminishes the manifestations 
of acute gouty arthritis. This amount of the hormone should be given for 3 days 
and the dose then be reduced gradually over 10 days. During this period main- 
tenance doses of colchicine should be administered, lest a recrudescence occur. 
Corticotropin perhaps inhibits the chemical synovitis of acute gout. The hormone 
also possesses a uricosuric quality, probably due to increased renal excretion of uric 
acid or at least to excess of this effect over production of uric acid. In contrast to 
colchicine and corticotropin, phenylbutazone relieves pain in gouty arthritis and at 
the same time significantly lowers the urate concentration of the serum. Two hun- 
dred milligrams taken orally four times daily will usually result in satisfactory or 
complete remission of gouty arthritis within 48 hours. The serious toxic potential 
of this drug is not apt to appear during this time, but patients should be warned 
against chronic and unsupervised use. Salicylates by themselves do not control 
the pain of acute gouty arthritis, but they have adequate uricosuric effect if they are 
tolerated in doses of 0.6 gm. orally 10 times a day. 

With the discovery of potent uricosuric drugs, specific treatment of chronic 
gout has become a reality. One of these, probenecid, is /-(dipropylsulfamy]) 
benzoic acid and is representative of a number of compounds which selectively 
inhibit the urinary excretion of penicillin and of certain dyes. Developed in pharma- 
cologic research by Sharp & Dohme, Inc., and available as Benemid, it has been 
thoroughly investigated in the laboratory and in clinical practice (Beyer and others ; 
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Bishop and others; Gutman and Yii; Kersley and others; Sirota and others; 
Stetten; Talbott and others). The elevated serum uric acid levels of chronic gout 
can be reduced by probenecid within hours and more effectively than by colchicine, 
sodium salicylate, glycine, carinamide, or cinchophen (Kersley and others). On 
0.5 gm. of the drug daily the reduction amounted to 27% in the first and 28% in 
the second week. On 2 gm. daily it was 42% in the first and 47% in the second 
week. The reduction ofttimes establishes normal values of serum uric acid, which 
can be maintained for as long as the drug is administered. Upon cessation of therapy 
the serum uric acid level rises again within a few days (Gutman and Yu). The 
action of probenecid varies considerably, and patients taking a high protein diet will 
excrete more uric acid on the same dosage than those on a low protein diet, the 


purine constituents being equal and at a minimum. 

The toxicity of probenecid is of low order. Side reactions are mild and transient 
gastrointestinal upsets, loss of appetite, nausea, belching, gaseous distention, and 
tendency to constipation. These symptoms are infrequent with a daily dose of 0.5 


gm., tolerable with that of 1 gm., and more frequent, though not serious, with a 
daily dose of 2 gm. Side reactions can usually be controlled by raising the fluid 
intake and giving alkali, both ot which are also indicated to offset the tendency to 
precipitation of urate stones in acid and concentrated urine. For interval treatment 
of severe gout, continuous administration of 250 mg. of probenecid two to four times 
daily and a maintenance dose of 1 mg. of colchicine are suggested. The work of 
Gutman and his associates indicates that tophaceous deposits of chronic gout may 
be reduced by probenecid, offering a prospect therefore of amending serious and 
extensive damage resulting from precipitation of urate in joints and many other 
tissues. Probenecid has no apparent usefulness in acute gouty arthritis; in fact, 
exacerbation may occur during its administration. It should not be given with 
salicylates. 

Although the precursors of urate can be synthesized in the body from foodstuffs 
which contain no nuclear protein, gouty subjects should eat a minimum of preformed 
purine bases. Foods which contain in excess of 100 mg. per 100 gm. of tissue are 
broth, gravy and other meat extracts, glandular meats, fish roe, shell fish, anchovies, 
sardines, and brains. Ingestion of fat and alcoholic beverages precipitates gouty 
arthritis in some persons, whereas coffee, tea, and cocoa, although high in purine 
bases, are well tolerated. A diet high in fat tends to decrease the urinary excretion 
of uric acid. Dietary management, however, does not affect the cause or the funda- 
mental mechanism of gouty arthritis. 

Rheumatic Fever—Numerous observations have been made on the effect of 
cortisone and corticotropin in acute and chronic rheumatic fever (Barnes; Barnes 
and others; Bunim and others; Dixon and Bywaters; Dorfman and others ; Griffith 
and others; Harris and others; Kelley; Kuttner and others; Smith and Barnes; 
McEwen and others). They corroborate earlier reports of improvement, occasionally 
sudden and striking, in specific signs of rheumatic activity, except chorea, and in 
general health of most patients. Despite adequate therapy, the rheumatic process 
has continued active in some, and evidences of carditis have persisted or even 
increased under this form of treatment. To secure a statistically significant appraisal 
of the usefulness these drugs may have in the treatment of acute rheumatic fever, 
the American Heart Association and the Empire Research Council, in 1951, organ- 
ized a cooperative clinical investigation. Thirteen rheumatism centers in the United 


134 





WAINE—RHEUMATIC DISEASES 


States, Canada, and Great Britain are participating in the comparative evaluation 
of cortisone, corticotropin, and salicylates. The study prescribes uniform criteria 
for the diagnosis of rheumatic fever and rheumatic activity as requisites for the 
inclusion of cases. Individual patients are assigned to one of the three modes of 
therapy by a random allocation, the dosage schedule for any of the drugs has been 
predetermined as much as possible, and specified findings are made for a set period 
of observation during and after therapy. Over 600 cases have been admitted to the 
study, and it is planned to extend the group to 750 patients. Preliminary analyses 
indicate that individual manifestations of rheumatic fever have abated to equal degree 
in some patients following the use of any one of the three drugs. As the evidence is 
incomplete, no conclusions can at present be drawn as to the superiority of any of 
the agents. Meanwhile, it is recommended that cortisone or corticotropin be used 
in acutely ill patients. The daily dose of cortisone may be 300 mg. for two days, 200 
mg. for 5 days, and 100 mg. for the next two weeks, being gradually reduced to 
50 mg. for the course of another three to four weeks. Corticotropin may be given 
in doses of 60 to 100 mg. daily until the acute manifestations are fully, or largely, 
controlled. Dosage of cortisone or corticotropin should be gauged by the severity 
of the illness rather than by age and weight of the patient (Barnes and others). 
Patients should be kept at bed rest throughout the period of acute illness and should 
be given penicillin or other antibiotic treatment for the eradication of hemolytic 
streptococci and thereafter antibiotic or chemoprophylaxis. 

Rheumatoid Arthritis—The effects of cortisone and corticotropin on a substan- 
tial number of patients and in some instances results of treatment or subsequent 
observation over several years have been described by Boland; Brody; Brugsch and 
Manning; Bunim and others; Chase and Lightbody; Clark and others; Freyberg 
and others; Peterman; Steinbrocker and others. Repeated short courses are not 
superior and do not produce more sustained improvement than do the continuous 
administration of moderate doses. Treatment with either hormone is usually fol- 
lowed by subjective benefit and often by objective recovery. As a rule, endocrine 
therapy results in more normal functional capacity but not in lasting remissions. 
In some instances the disease was refractory or progressed under therapy. Freyberg 
and his associates propose as a rational aim the attainment of optimal, rather than 
maximal, antirheumatic effect with the least possible amount of hormone. Even 
after prolonged treatment, relapses frequently occur and are more severe when 
treatment is withdrawn suddenly. Pathologic extensions of hormonal therapy occur 
in the majority of patients, if not in all. They comprise a wide range of disturbances, 
some slow and unpredictable, others amenable to regulation. Among the complica- 
tions of therapy are edema and retention of sodium, hypokalemia, insomnia, Cush- 
ing’s facies, acne, hirsutism, hypertension, glycosuria and diabetes, irregularity of 
menses, euphoria, psychoses, muscular weakness, osteoporosis, wounds, pathologic 
fractures, convulsions, thrombophlebitis, impaired healing, intestinal hemorrhages, 
intercurrent infections, and dissemination of latent tuberculosis. Women appear more 
susceptible to complications of cortisone therapy than do men (Freyberg and 
others). Plotz, Knowlton, and Ragan compared the clinical features of spontaneous 
Cushing’s syndrome with those of patients in whom hyperadrenalism had been 
induced by corticotropin or cortisone in the treatment of rheumatic and other dis- 
orders. They noted marked similarities in these two abnormal states, such as the 
rounding of facial contours, acne, hirsutism, striae, abnormal mental reactions, and 
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increased susceptibility to infection. Elevation of the blood pressure and derange- 
ments in carbohydrate metabolism are common to both disorders. If the analogy 
between the two states is as consistent as it even now appears, the high percentage 
of mental aberrations in the spontaneous disease portends commoner psychotic 
complications with corticoid therapy. Infectious complications, which accounted for 
50% of the deaths in 114 cases of Cushing’s syndrome in which autopsies were 
done, may present a formidable hazard to chronic use of the hormones. In large 
doses cortisone may cause cortical atrophy, which is apparently reversible in some 
instances (Sokoloff and others [c]). However, massive cytolysis of the adrenal 
cortex may occur, with fatal outcome of such adventitious stresses as trauma, 
exposure, infection, and surgical operation. Under conditions and upon provoca- 
tions of this kind additional cortisone must be provided rapidly and is now available 
for intravenous administration. 

Hydrocortisone acetate and a free alcohol compound have been tested clinically 
and compared to cortisone as to their antirheumatic action (Boland; Clark and 
others ; Conn and others). The free alcohol compound was more effective on oral 
administration than cortisone acetate or hydrocortisone acetate per unit of weight. 
Hydrocortisone acetate is poorly absorbed from intramuscular sites (Salassa and 
others) but when injected into acutely inflamed joints frequently causes sudden and 
marked reversal of synovitis. The local improvement resulting from one or a few 
such intra-articular injections in doses of 25 to 50 mg. may last for several days or 
even weeks (Bilka; Boland; Duff and others; Ensign and Sigler [b]; Freund; 
Hollander and others [a and b]; Price and others; Stevenson and others; Ziff and 
others), whereas cortisone acetate has not exhibited a significant and consistent 
topical action on the synovial membrane. 

Two preparations of corticotropin with 2 and 15 times approximately the activity 
per unit of weight of the Armour standard L. A. 1-A were used in 211 rheumatic 
patients. The effective daily dose of corticotropin varied with the different disorders. 
It was 45 to 60 mg. of the first or 3 mg. of the second preparation in rheumatoid 
arthritis (I. N. Rosenberg and others). When corticotropin was administered intra- 
venously from periods of 2 to 26 days in daily doses of 1 to 20 mg. given for 8 to 20 
hours a day, equivalent therapeutic results required only 1/10 to 1/20 the amount 
of hormone needed by intramuscular administration. 

To obviate or minimize the toxic effects of cortisone and corticotropin certain 
tests and precautions are indicated if treatment exceeds daily doses of 20 mg. of 
corticotropin or 50 mg. of cortisone for more than 10 days. Prior to therapy a total 
and differential white cell and an eosinophile count should be obtained. The weight 
should be checked daily. An increase, particularly when associated with a fall in 
total serum proteins, indicates excessive retention of water. A drop in serum chloride 
indicates the development of hypokalemic alkalosis, which may also be detected 
by changes in the electrocardiogram, such as lowering or inversion of the T-wave 
and a prolonged Q-T interval. The fasting blood sugar should be examined once a 
week. It is imperative to rule out active tuberculosis and latent syphilis prior to 
treatment. The diet should be low in sodium. Fluid intake should be restricted to 
1,500 cc. daily. Potassium chloride, 3 to 8 gm. per day, should be given if there is 
no kidney disease. If the blood sugar rises above 125 mg. per 100 cc., insulin may 
be given. One should watch for perforation of ulcers or the masking of infectious 
processes, which may produce minimal symptoms and only a slight rise in tempera- 
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ture. The principal contraindications are bleeding tendencies, chronic nephritis, 
congestive heart failure, hypertension, active or questionably active tuberculosis or 
syphilis, active peptic ulcers, and psychoses (Forsham). 

Studies on normal persons and on rheumatoid patients have strengthened the 
assumption that the antirheumatic action of adrenal steroids is pharmacodynamic 
(Rosenberg and others). It is dissociable from the effect on metabolism of minerals, 
carbohydrates, and nitrogen, even though its intensity may vary directly with the 
biochemical activity of different steroids (Bauer and others [c]| ; Clark and others, 
1951; Conn and others; Holbrook and others). Other physiologic phenomena 
occurring in rheumatic patients treated with corticotropin or cortisone cannot be so 
clearly separated from the therapeutic mechanism, e. g. the suppression of fibroplasia 
and of globulinemia, lympholysis, reticulocytosis, and the trend to a normal pattern 
of amino acid excretion and mucin formation (Borden and others; Duff and others; 
Goldman and Tillis; Holbrook and others; Rosenberg and others, 1952). Some 
remarkable effects of these steroids may be both beneficial to rheumatic patients and 
irrelevant to the pathogenesis of their disease. Examples are the acceleration of red 
blood cell formation (Finch and others), increased muscle contractility, and a more 
positive psychological orientation. Although the degree of inflammation in various 
tissues such as the synovial membrane, synovial fluid, lymph nodes, vascular endo- 
thelium, and uveal tract may be greatly diminished (Norcross and others, 1952), 
even after months of endocrine therapy histologic evidence of rheumatic synovitis 
can be found in clinically improved patients (Giansiracusa and others) and the 
histologic changes in nodules of rheumatoid patients treated with cortisone show no 
consistent direction (Bennett and others). 

In clinical practice, the intra-articular injection of hydrocortisone has definite 
usefulness for some of the patients whose disease and disability are localized in one 
or a few accessible joints. With ordinary precautions and after careful exclusion of 
an infectious process the risk of local treatment is minimal. With advanced and 
chronic articular lesions correspondingly less benefit should be expected. At present, 
general administration of corticotropin, cortisone, and hydrocortisone cannot be 
recommended for regular clinical use in rheumatoid arthritis. The hormones are 
a legitimate resort in fulminating episodes and critical manifestations of this disease, 
such as pericarditis threatening tamponade or iritis endangering sight. They are 
perhaps useful in attaining secondary goals, for instance the suppression of inflam- 
matory and proliferative reactions after surgery and manipulation, and in a cir- 
cumscribed program of rehabilitation (Martin and others). 

Gold Salts—The mode by which gold salts influence the course of rheumatoid 
arthritis remains unknown. Archer suggests that the effect may depend on damage 
to the liver from the heavy metal and may therefore be related to the improvement 
of arthritis frequently observed with intercurrent hepatitis. A direct action of gold 
on inflamed tissues is implied in observations on the distribution of a radioactive 
isotope in experimental arthritis (Low-Beer). Chrysotherapy does not appreciably 
change the excretion of neutral 17-ketosteroids in patients with rheumatoid arthritis. 
Snorrason followed the response of rheumatoid patients treated with one or more 
courses of gold sodium thiosulphate between 1932 and 1941 at the Municipal Hos- 
pital in Copenhagen. Sixty-two males and 306 females were observed for 1 to 10 
years after admission and initially represented all grades of activity and all phases 
of progression in rheumatoid disease. The series included 73 patients with advanced 
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ankyloses and contractures. Another series of rheumatoid patients, comprising 25 
males and 180 females with disease comparable in severity, duration, and extent, 
were treated without gold and were used as controls. Final evaluation demonstrated 
a significantly higher percentage of arrested cases at the end of 4, 7, and 10 years in 
the group treated with gold than in the controls. The effects of the medication 
appeared to be more pronounced in those who began treatment during the early 
stage of the disease. Prior to 1936 there were five deaths attributable to gold therapy 
among 352 identifiable patients; since then, no fatalities due to gold have been 
observed. Twenty-three of the 368 patients treated with 551 courses of gold showed 
severe reactions; exfoliative dermatitis, hemorrhagic phenomena, nephritis, and 
nephroses. Two males and 36 females had to cease treatment after a total dose of 
less than 1 gm., but all severe reactions had subsided at the follow-up examination 
four or more years later. The ultimate value of gold in the treatment of rheumatoid 
arthritis, 5 to 10 years after chrysotherapy, was analyzed in 110 patients (Egelius 
and others). Forty-five per cent were symptom free or had improved, whereas 38% 
showed progression of the disease. Again, the apparent benefits from gold therapy 
were greater the sooner patients came to treatment. Elderly rheumatoid patients 
appeared to tolerate gold therapy as well, and perhaps better, than patients in early 
and middle life, and with equally good results (Cecil and Kammerer). The con- 
current administration of corticotropin and gold salts led to remissions in a small 
series of patients observed by Margolis and Caplan (a), and there were no recrudes- 
cences of rheumatoid arthritis after corticotropin was discontinued for periods 
ranging from 30 to 229 days. Ensign and Sigier saw some value in the combination 
of gold and cortisone. Several authors, however, found no merit or indeed suspected 
antagonistic effects in the simultaneous or successive use of the hormones and gold 
(Freyberg and others [a] ; Cecil and Kammerer). 

Phenylbutazone—This drug, marketed as Butazolidin, and with an equal part 
of aminopyrin as Butapyrin, has been used in Europe since 1949. Following its 
introduction to this country, about two years ago, the pyrazole derivative has been 
given extensive notice. Kuzell and Schaffarzick reported that over 50% of rheuma- 
toid patients treated with Butapyrin or phenylbutazone had major improvement 
which persisted as long as the medication was continued. Steinbrocker and his 
associates (1952) gave these drugs to 117 patients in all phases of rheumatoid 
arthritis. Twenty-three per cent had major and 26% had minor objective improve- 
ment. The remaining cases did not show objective improvement, but in 69% of all 
cases there was substantial amelioration of pain. Butapyrin was administered orally 
in coated tablets containing 250 mg. of the mixture and intramuscularly as 30% 
solution containing equal parts of aminopyrin and the sodium salt of phenylbutazone. 
Phenylbutazone was given as coated tablets of 125 or 200 mg. or in a 20% solution 
of the sodium salt. The oral dose varied between 250 and 1,500 mg. daily; the 
parenteral dose as a rule did not exceed 1.5 gm. per day, although occasionally twice 
this amount was given (Kuzell and Schaffarzick). 

Other clinical trials of phenylbutazone have confirmed that it affords sympto- 
matic relief in gouty arthritis, spondylitis, osteoarthritis, and nonarticular rheuma- 
tism (Kidd and others). Evaluation of objective benefit has not been conclusive. 
In some patients with peripheral rheumatoid arthritis pain and swelling of joints, 
stiffness, and limitation of motion have decreased (Steinbrocker and others). The 
sedimentation rate has not been affected consistently, and favorable responses have 
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not usually persisted beyond the period of treatment. Toxic effects have been 
obtained in 10 to 40% of patients in different series and consist of dermatitis, muco- 
sitis, edema, vertigo, gastrointestinal irritation, thrombocytopenic purpura, anemia, 
and granulocytopenia (Hinz and others), which was the cause of at least one fatality 
(Etess and Jacobson). Several other deaths have occurred in the course of therapy, 
and one case studied at necropsy showed evidence of unusual injury to the liver. 
The possible indications for phenylbutazone in the treatment of rheumatic diseases 
cannot be stated at present. The uncertainty of its toxic potential and the likely risk 
to life in some instances would seem to preclude use of the drug in relatively benign 
and self-limited conditions and in those which can be satisfactorily managed 
without it. 


Favorable responses have been obtained in the treatment of rheumatoid arthritis 
with certain highly toxic drugs of the 8-aminoquinoline group of compounds in 
preliminary trials on a limited number of patients (Brennecke and others). Tenta- 
tive estimates of treatment with HPC (3-hydroxy-2-phenylcinchoninic acid) in 
rheumatoid arthritis and other forms of rheumatism have indicated results com- 
parable to those obtainable with salicylates. With the use of doses of 20 to 40 mg. 
per kilogram of body weight a variety of untoward reactions became evident. They 
included neuropathies and audiovisual impairment ; consequently extreme caution is 
warranted in further clinical research with this agent (Ehrlich and others; Rennie 
and others; Simson and Bunim). Experimental therapy with nitrogen mustards 
caused demonstrable abatement of synovitis (Shutkin), but the overwhelming 
toxicity of these drugs makes their clinical use impracticable. This also applies to 
aminopterin, which was effective in suppressing inflammation due to rheumatoid 
arthritis and in treatment of adrenalectomized animals with experimental arthritis 
(Gubner; Gubner and others). Implantation of pituitary glands (Wasserman) 
into rheumatoid patients was followed by notable improvement in many ; hence this 
technique will no doubt be further investigated. Granirer observed benefit following 
transfusion of pooled postpartum plasma into patients with active rheumatoid 
arthritis. After injection of 250 cc. once or twice a week improvement usually 
occurred between the fourth and sixth treatment, was gradual in onset, and consisted 
of relief of stiffness and decrease in pain, swelling, and other signs of active inflam- 
mation. Five patients maintained this gain for 12 months or longer. In four patients 
subcutaneous nodules disappeared, and in two patients flexion contractures of recent 
origin were resolved. Patients gained from 5 to 30 Ib. (2.2 to 13.5 kg.) and had an 
improved sense of well-being and greater strength. The sedimentation rate did not 
change in accordance with the clinical improvement. Two patients failed to respond. 
On cessation of therapy, symptoms gradually returned within 6 weeks to 12 months. 
The longest remission lasted 18 months, and relapses were not severe and could 
always be controlled by reinstitution of postpartum-plasma therapy. No untoward 
effects were observed, specifically no instance of infectious hepatitis, in more than 
500 postpartum-plasma treatments. I met seven of the rheumatoid patients treated 
with postpartum plasma for at least five months, through Dr. Granirer’s courtesy at 
his clinic. These patients readily attested to their improvement and presented a 
convincing account of better health, weight gain, and functional capacity, even 
though the arthritis might have continued to be active in some. No ready explana- 
tion is available for the presumed effects of postpartum plasma on patients with 
rheumatoid arthritis. Other experimental therapy employed placental serum (Aron- 
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son and others). Testosterone, progesterone, pregnenolone, artisone, or desoxycorti- 
costerone acetate with ascorbic acid showed no antirheumatic property (Dordick and 
others; Duff and others, 1952; Freyberg and others [a]; Higgins and others; 
Lefkovits and Schupbach ; Littman and others ; Margolis and Caplan [b] ; Norcross 
and others, 1951). Glucuronic acid and adenosine triphosphate appeared to be 
without specific benefit in rheumatoid arthritis (Godfrey ; Ruggie and others ). 


Other Diseases of Connective Tissue—Although corticotropin and cortisone 
may strikingly benefit the clinical manifestations of disseminated lupus, this effect 
is neither consistent nor permanent. The hormones suppress but do not abolish the 
abnormal reaction of tissues to this disease (Brunsting and others). DuBois advo- 
cates intravenous corticotropin up to 60 mg. per day or more or cortisone up to 100 
mg. every hour for the control of a fulminating episode. However, some patients 
have succumbed despite massive doses of cortical steroids and others have recovered 
from seemingly terminal attacks without these medications, to survive two decades 
more (Ben-Asher). Thirteen patients, most of whom had been critically ill with 
periarteritis nodosa, sustained notable and rapid relief from cortisone or cortico- 
tropin. Ten of this group continued in remission for 15 months with evidence of 
residual vascular damage. In two patients, who died of cardiorenal failure after 
11 weeks and 5 months, respectively, complete subsidence of arteritis was demon- 
strated at necropsy, but there was extensive scarring of the involved vessels, appar- 
ently the cause of multiple visceral infarctions (Schick and others). Such “healing” 
had led to fibrosis of intima, media, adventitia, and perivascular tissue. According 
to the protocol, by Baggenstoss and his associates (1951), the intravascular pro- 
liferations had probably developed within a few weeks or months. The adrenal 


glands were atrophied after the patients had received 3.62 gm. and 13.72 gm. of 
cortisone, respectively. Thus, while steriod therapy often inhibits the inflammatory 
lesions of generalized vasculitis, intraluminary fibroplasia may occur in patients so 
treated. This complication again points to the uncertainty of dosage and schedule 
attending the clinical use of adrenal hormones. 


In two small groups of patients with so-called primary generalized osteoarthritis 
under observation for one year, an estrogenic substance did not appear to influence 
the symptoms and signs of the disease (Kellgren and Moore). Some clinicians use 
intra-articular injections of procaine, lactic acid, acid potassium phosphate, or for- 
maldehyde, any of which have been credited with causing improvement in symptoms 
and function. A controlled investigation by Desmarais revealed no essential advan- 
tage of many such agents over mere needling of the synovialis, except for transient 
relief of pain with procaine. Systemic treatment with cortisone or intra-articular 
injection of hydrocortisone are not significantly superior to other methods of treat- 
ment in osteoarthritis (Bilka; Dowdell and others). Large doses of vitamin D, 
formerly advocated for the treatment of the hypertrophic and other forms of arthritis, 
have no specific benefit in these diseases but have caused serious toxic reactions in 
over 100 cases reviewed by Chaplin and others. In seven such instances seen within 
a period of three years, there occurred metastatic calcifications, band keratitis, 
azotemia, hypercalcemia, and anemia. Although this syndrome has fatal potentiality, 
many of the pathologic changes are reversible on a regimen providing for discon- 
tinuation of vitamin D, low calcium diet, avoidance of alkali, and protection against 
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exposure to sun and ultraviolet rays. Patients intoxicated with vitamin D should 
remain physically active and take sufficient fluid to insure a daily urinary output 
of at least 2,000 cc. 

Surgery.—Since many rheumatic disorders are now recognized as constitutional 
ailments involving one or more bodily systems and potentially most organic sites, the 
center of rheumatologic therapy has moved into the realm of general medicine. 
However, the special skills and techniques of orthopedic surgery are, as ever, 
indispensable to the treatment of arthritis. Practitioners tend to disregard the indi- 
cations for osteotomies, arthrodeses, arthroplasties, capsulotomies, resection of 
joints, tendon transfers, débridement, and skeletal traction (Batch). To be sure, 
corrective surgery is more often successful during the quiescent phase of rheumatoid 
arthritis, but some operations may be rationally performed on patients with mildly 
or moderately active disease in order to correct or to prevent extension of disability. 
In active cases particularly, surgical work needs to be integrated with general 
medical management and physical therapy. Excision of the acromion or of the head 
of the radius, synovectomy, and stabilization of a joint are not contraindicated by 
slight elevation of the sedimentation rate. An extremity may be restored to satisfac- 
tory function by surgical fusion of a weak, painful, and malpositioned wrist or ankle. 
Arthroplasties of the hip joint offer moderate success in rheumatoid arthritis and 
more gratifying results in malum coxae senilis (Kuhns; Reynolds and Key). By 
an osteotomy of the spine the spondylitic patient may gain a more erect posture of the 
head and a more normal angle of vision, prerequisites for vocational rehabilitation. 
The faculty of mastication may be restored by resection of the mandibular condyle 
when this joint has become ankylosed or greatly limited (Law). An operative tech- 
nique for mobilization of the knee joint described by Kuhns and Potter provides 
for interposing thin nylon membranes after débridement or osteotomy. In all but 
2 of 15 patients whose knee joints had been severely damaged and limited a satisfac- 
tory range of painless motion was established and retained after this procedure. The 
successful transplantation of whole autogenous joints, reported by Herndon and 
Chase, marks a brilliant contribution to experimental surgery in this field. 

Physical Therapy and Rehabilitation—Among the practicable modalities of anti- 
rheumatic treatment, those of physical medicine are the most neglected. The services 
of trained personnel remain in critically short supply. This deficiency curtails the 
management of over 30% of rheumatic patients living in nonmetropolitan areas. 
The provision of more facilities needs to be complemented by research and education 
in the proper use of physical medicine (Horder). Technical appliances are less 
important than individualized functional treatment, as detailed in the instructive 
monograph, “Physical Rehabilitation for Daily Living,” by Edith Buchwald. As a 
supplement to professional guidance, the booklet entitled “Home Care in Rheuma- 
toid Arthritis,” issued by the Arthritis and Rheumatism Foundation, will furnish 
a helpful outline for consecutive domiciliary treatment. As a general rule, inflamed 
joints should be rested but any restriction should not for long preclude functional 
use of an immobilized part (Fischer and Skowlund). Disuse of a joint leads to 
atrophy of the associated muscles and to irreparable destruction of articular cartilages 
(Saaf). If fixation is deemed necessary, it should not exceed one week in duration. 
The principles and mechanics of proper splinting have been described in practical 
detail by Steindler (1951 [b]). Even casually assembled devices may serve to pre- 
vent contractures and to maintain functional positions. For gradual correction of 
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deformity, turnbuckles can be incorporated into a cast. Splints with elastic or steel 
spring tension provide continuous gentle action and are particularly useful in treat- 
ment of the hand. 

Physiologically and clinically, the most effective means of increasing the strength 
of muscles is contraction against a near maximal load. On this general premise, 
“progressive-resistance exercises” are performed 10 times at each weight load three 
times daily, totaling 30 exercises each day, five times per week. One day each week 
the “ten repetition maximum” should be determined. As this increases, the resist- 
ances for the following week are correspondingly advanced but not the total number 
of daily exercises. The average patient can increase his “ten repetition maximum” 
by at least 144 to 2% Ib. (0.6 to 1.1 kg.) each week and may continue at his own 
speed of progress until satisfactory strength has developed. Progressive-resistance 
exercises may be beneficial even to patients having a mild degree of synovitis with 
effusion, particularly when there is little evidence of muscle spasm. However, if 
pain and effusion increase the treatment should be discontinued. This mode of therapy 
is most useful for patients in remission who have residual deformities interfering 
with function and locomotion and for patients with degenerative arthritis of various 
joints (DeLorme and Watkins). Debilitated and elderly persons may develop 
backache because weakness of the quadriceps muscles precludes their bending at the 
knee so that the lower spine sustains a greater effort in daily activities. In these 
cases strengthening of the muscles of the thigh will eliminate postural strain and 
backache (Watkins). Ergographic measurements demonstrate that work output 
in normal adults is most significantly enhanced when exercises are performed by 
alternate contraction of homologous muscle groups in the preferred and in the non- 
preferred limb (Hellebrandt and others). Whirlpool baths help to ease pain and 
greatly facilitate therapeutic exercise. Diathermy offers no decisive advantage over 
other forms of heat and may be aggravating in acute synovitis or fibrositis (Hol- 
brook). Paraffin baths, hot fomentations, infrared radiation, and medicated topical 
applications given by gentle massage may be used to promote relaxation, analgesia, 
and circulation (Engel and others; Fricke and Gersten; Kellgren; Kleckner and 
others). Ultrasonic therapy has not proved superior to that with other physical 
agents. Overexposure may cause paralyses by blocking the action potentials of 
motor nerves and necrosis of bone and nerves by direct heating (American Medical 
Association Council on Physical Medicine and Rehabilitation). In patients with 
active synovitis the effectiveness of therapeutic movements may be negated by 
involuntary muscle spasm persisting despite preparatory physical measures. This 
difficulty will be met less often in patients who take regular and adequate amounts 
of salicylates, 4 to 6 gm. daily in divided doses being commonly required in rheuma- 
toid arthritis. The coadministration of p-aminobenzoic acid extends the serum levels 
of salicylates (Hollander and Harris). Gentisates equal the analgesic effect of 
salicylates and are more tolerable. The spasmolytic action of mephenesin may be in 
part mediated through neurovascular pathways (Mead and others) and has proved 
an effective adjunct to physical therapy in many rheumatic disorders (Hermann 
and Smith). 

Structural abnormalities due to rheumatoid spondylitis may progress despite 
clinical improvement following x-ray therapy. However, in 15 of 47 patients with 
mild or moderately advanced spondylitis radiologic evidence of the disease dis- 
appeared after roentgen therapy, and in 24 patients followed for four years or longer 
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there was no progression of the illness after such treatment (Baker and others). 
Relieving the radicular pain of spondylarthrosis and the nocturnal aches due to 
osteoarthritis of the hips and knees, x-ray therapy was most dependable in con- 
trolling ankylosing spondylitis (L. Hill). 

Course and Prognosis.—Bland and Jones have rendered the fullest documenta- 
tion to the natural history of rheumatic fever by reviewing the fate of 1,000 patients 
who were observed for a period of 20 years after their initial illness in childhood. 
Of the total group, 653 had signs of rheumatic heart disease when the acute illness 
subsided. In 108, or 16% of these, the signs of rheumatic heart disease had disap- 
peared at the end of two decades. Three hundred and forty-seven patients had no 
demonstrable cardiac lesions after subsidence of the initial attack, and in 154, or 44% 
of these, valvular lesions had developed by the end of 20 years. During the first decade 
202 patients died, and by the end of the second decade 301 patients had died. In 
80% of these death was due to rheumatic fever and congestive heart failure, and in 
an additional 10% it was due to bacterial endocarditis. Marked cardiac enlargement 
or congestive failure early in the course of the disease presaged the highest mortality 
rate, whereas pericarditis or the presence of subcutaneous nodules or acute arthritis 
was correlated with 63%, 37%, and 27% mortality within two decades, respec- 
tively. The presence of chorea, on the other hand, was associated with a benign 
course. Recurrences of either rheumatic fever or chorea were found in about 1 in 
5 during the first five years, 1 in 10 during the next five years, and 1 in 20 during the 
third five-year period. Thereafter, repeating attacks were less common. Three- 
quarters of 699 survivors had little or no limitation. 

Arns¢g found evidence of chronic rheumatic heart disease in 11 of 91 patients 
who could be brought under long-term observation at a hospital in Denmark. Forty- 
four of the total group complained of articular symptoms, which had been present 
in 34 ever since the onset of rheumatic fever. Twenty-five of the latter group showed 
physical signs of articular disease, such as restricted motion, degenerative changes, 
and thickening of the synovial membrane. Possibly the prognosis of rheumatic fever 
is more favorable in Denmark than in England and in the United States, but in 
view of different diagnostic concepts definite conclusions cannot be drawn from the 
available data. Comparison of rheumatic and nonrheumatic children in rate of 
development, as measured by the Wetzel grid, showed retardation in 157 patients 
(Kahn and others). In 90% of the cases the curve was positively correlated with 
a clinical history of rheumatic fever. Poorly defined rheumatic symptoms, when 
accompanied by a grid curve deflection, could often be identified as a latent phase 
of active rheumatic disease (Higgons and others). Still's disease, comprising about 
4% of a large series of rheumatoid patients, carries a notably poor prognosis. 
Eleven of 51 cases reviewed by Barkin and 8% of 151 patients reported by Sury 
died at a relatively young age. The mortality rate was 22% in those cases which 
had been marked by an acute onset of juvenile rheumatoid arthritis. Deaths in 
Still’s disease were most frequently brought on by visceral manifestations of the 
illness, including amyloidosis, and by intercurrent infections. 

The rate of disability also was high in patients with juvenile rheumatoid arthritis 
at the Robert Breck Brigham Hospital and in the Danish series, 62% of whom were 
moderately or severely crippled. In contrast, approximately 50% of adult patients 
with rheumatoid arthritis followed for 5 to 10 years at the University Hospital in 
Lund were fully fit for work and another 19% had only minor incapacitation 
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(Ekelund). The risk of serious morbidity from rheumatoid arthritis is smaller for 
men than for women and greatest for women experiencing onset after the age of 
40. Characteristically protracted, the disease had been present for over 40 years 
in 28% of 175 patients of both sexes past 61 years of age (Monroe). 


ABNORMAL REACTIONS OF TISSUES 


As the clinical concept of rheumatoid arthritis has been enlarged to include and 
even to emphasize various extra-articular manifestations (Freyberg and others), so 
has the definition of its pathology broadened from proliferative synovitis to inflam- 
matory hyperplasia of connective tissue. However, this and other terms such as 
“collagen disease” and “disease of the ground substance” should be recognized as 
tentative histopathologic formulations, much as “hypersensitivity state,” “adaptation 
syndrome,” and “stress reaction” are abbreviations of physiological conjectures. It 
has become evident that a variety of factors can produce identically appearing lesions 
in the synovial membrane and other derivatives of mesenchyme (Klemperer). 
Baggenstoss submitted that the similarity in abnormal tissues from subjects with 
disseminated lupus, glomerulonephritis, polyarteritis nodosa, and experimental 
hypersensitivity must not be taken as evidence of a common cause or pathogenesis. 
Likewise, the common involvement of collagen and of the matrix in many rheumatic 
diseases does not prove that these components of connective tissue are the site of 
the essential or primary change. To wit, renal lesions in lupus may be confined to 
cells without apparent alterations of collagen (Baggenstoss). Furthermore, speci- 
mens from patients with early rheumatoid disease show evidence of vasculitis in the 
synovialis, in muscles, and in subcutaneous nodules (Sokoloff and others). A 
characteristic arrangement of palisading fibrocytes in rheumatoid nodules, centering 
about capillary tufts, suggests the agency of a circulatory humoral factor. Changes 
in bone marrow from patients with active rheumatoid arthritis are indicative of 
irritative myelosis (Goldman and Tillis). The number of plasma cells in the marrow 
is increased, aggregates containing up to 10 cells (Hayhoe and Smith). 

In several rheumatic diseases one may find seemingly identical fibrinoid degen- 
eration of connective tissue. Described by Klinge in 1933, this reaction was 
considered a sign of hyperergic states, specifically of periarteritis nodosa and of 
rheumatic fever. The occurrence of this eosinophilic material has since been 
variously ascribed to disintegration of collagen, depolymerization of mucopoly- 
saccharides, or the presence of fibrin or one of its analogues. Recent analyses of 
subcutaneous nodules and of synovial tissue from patients with rheumatoid arthritis 
for elastin, collagen, and hydroxyproline made it appear unlikely that the fibrinoid 
material contained in these tissues is derived from collagen (Bien and Ziff). The 
fibrinoid of myocardium and endocardium in early rheumatic heart disease, examined 
by histochemical methods, appears to consist of fibrin and other plasma proteins 
associated with mucopolysaccharides of the matrix (Rinehart, 1953), whereas the 
fibrinoid of intravascular hyaline thrombi found in systemic lupus has optical and 
tinctorial qualities of degraded nucleoprotein (Klemperer). It might be speculated, 
therefore, that fibrinoid has more than one origin. In some lesions, it may result 
from increased glycolysis associated with subacute and chronic inflammation and 
leading to accelerated destruction of mucin in the ground substance. Under these 
circumstances, the metabolites of hyaluronic acid may be assumed to participate in 
the formation of fibrinoid, sclerotic, hyaline, and amyloid material, as well as of 
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new connective tissue fibers (Altshuler and Angevine). Fibrinoid in the disorgan- 
ized center of a rheumatoid nodule cannot be distinguished from tibrin by staining 
or by photometric analysis with acid and basic dyes at varying hydrogen ion 
concentrations (Sokoloff and others [b] ). 

Prominent features in muscles of patients with rheumatoid arthritis are atrophy 
and increase in the number, size, and shape of perimysial nuclei (Traut and Cam- 
pione). Interfibrillar collections of round cells occurred in 16% of 93 rheumatoid 
patients compared with 2% of 73 control patients with other rheumatic diseases 
(Cruickshank). Degeneration, necrosis, and scarring of muscle were commonly 
seen in rheumatoid tissue, and all but 1 of 16 patients with rheumatoid arthritis 
showed mild perivascular infiltration (Traut and Campione). Bien, Ziff, and Bunim 
analyzed muscle samples from healthy adults and from patients with rheumatoid 
arthritis and other diseases for content of total protein, nonprotein nitrogen, collagen, 
myosin, adenosinotriphosphatase activity of the myosin, and water. The percentage 
of water varied only in patients with gout and degenerative joint disease and in 
those with atrophy. The myosin fraction of the total protein was significantly 
reduced in all categories of patients, except in the group with degenerative joint 
disease. Among patients the lowest figure, 11.9%, was obtained in the group with 
gout, compared with 21.1% in the group of normal persons. Although the absolute 
content of collagen, calculated on the basis of wet weight, was somewhat reduced in 
patients with rheumatoid arthritis and degenerative joint disease, the percentage of 
collagen did not depart significantly from normal in any specimen. In all pathologic 
tissues the adenosinotriphosphatase activity of myosin was greatly reduced; the 
lowest mean value was associated with gouty patients. Histological evidence of 
atrophy could generally be correlated with reduced concentration of total protein, 
myosin, and adenosinotriphosphatase activity. Vaughn and his associates found that 
radioactive gamma globulin from normal subjects and from rheumatoid patients 
metabolized indiscriminately when injected into normal and rheumatoid subjects 
but that material from either source was demonstrable for a somewhat longer period 
in normal subjects than in rheumatoid patients. In rheumatic diseases frequently 
associated with hypoalbuminemia and hyperglobinemia the total serum sulfhydryl 
and the albumin sulfhydryl were consistently decreased (Lever and others ; Schoen- 
bach and others). The serum of rheumatic fever subjects showed a rise in non- 
specific inhibitors of hyaluronidase during the early phase of rheumatic fever and a 
depression of these antibodies during convalescence and during the inactive stage 
of the disease (Adams and others, 1951). The serum of rheumatoid patients had 
greater activity of complement than did the serum of control subjects (Vaughn 
and others). 

Calcinosis, not indicative of a primary metabolic disorder, may be associated 
with a number of mesenchymal diseases, such as rheumatoid arthritis, dermato- 
myositis, scleroderma, or Raynaud’s syndrome (Wheeler and others). The lesions 
of generalized hypertrophic osteoarthropathy were studied in necropsies of seven 
patients with pulmonary and congenital heart disease. The characteristic changes 
consisted of subperiosteal osteogenesis, beginning in the distal third of the bones 
in forearms and legs. The joints showed chronic synovitis and, rarely, even a spread 
of pannus onto the articular surface. The acral parts were hyperemic, edematous, 
and thickened by loose-textured connective tissue, which largely accounted for the 
so-called clubbing (Gall and others). 
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PUBLIC HEALTH ASPECTS 


Prevalence and Incidence —The United States Public Health Service conducted 
a probability sample during the regular canvass of the current population survey. 
From information obtained by census personnel it was estimated that a total of 
6,414,000 persons over 14 years of age in the United States had been given a medical 
diagnosis of some form of rheumatism which included arthritis, gout, lumbago, 
myositis, or fibrositis. The prevalence of diagnosed cases of rheumatism and arthritis 
was calculated as 5.9% among the civilian noninstitutional population over 14 years 
of age. The prevalence for females exceeded that for males by approximately 80%, 
and for both sexes it increased markedly after 40 years of age. The prevalence of 
diagnosed cases of arthritis was higher in the rural population than in cities 
(Woolsey). The average prevalence per 1,000 persons during a five-year period of 
observation in part of Baltimore was 35.18 for arthritis and chronic rheumatism 
(Collins and others, 1950), these being the most frequent specific diagnoses in the 
sampling of chronic diseases. The annual incidence for arthritis was 4.61 (2.2 for 
males and 6.6 for females) (Downes). In a Norwegian county, with 109,296 
inhabitants over 19 years of age, the prevalence of ankylosing spondylitis was 1.73 
per 1,000, with a maximum of 3.01 per 1,000 in the fifth decade (Holst and Iversen). 
In this series the ratio of males to females was 4.5: 1 and the general prevalence was 
slightly higher than that of peptic ulcer. For rheumatic fever and rheumatic heart 
disease the survey at Baltimore disclosed 185 cases per 1,000 white persons of all 
ages, the rate of prevalence being 8.6 (Collins and others, 1950). In Pleasantville, 
N. Y., and Mount Kisco, N. Y., the prevalence of persons who had had 
rheumatic fever was 14.8 and 14.1 per 1,000, respectively. The annual incidence of 
rheumatic fever in Mount Kisco was 0.94 per 1,000, fairly similar to the rate of 
1.2 per 1,000 found in the Eastern Health District of Baltimore (Coulter). Whereas 
in Pleasantville or Mount Kisco rheumatic fever did not appear to have been 
selective of persons in any particular ecologic group, a comparison between two 
areas of Connecticut showed a variation of over 100% for children of certain ages 
to the disadvantage of the community with less favorable climate and housing condi- 
tions (Quinn and others). Among a “total population” of 74,450 persons between 
the ages of 5 and 15 in Toronto, Canada, there were 120 cases of rheumatic heart 
disease (0.16%) and 125 cases of rheumatic fever (0.17%), as determined by the 
Cardiac Registry, 1948-1949. Rheumatic heart disease was equally divided among 
girls and boys. The age incidence for rheumatic heart disease showed no cases 
under 5 years of age, after which it approximately doubled for each year, from 2 
cases at the age of 5 to 14 at the age of 8, with the peak of 28 at the age of 13 
(Gardiner and Keith). The current prevalence of rheumatic fever in Great Britain 
is between 0.5 and 2 cases per 1,000 of the child population, making a total of about 
15,000 cases. 

Disability —Approximately 2,500,000 employed: civilian persons in this country 
have had to alter, curtail, or forego their usual gainful activity because of rheumatic 
disorders (Woolsey). Fifty-eight per cent of the rheumatoid series reported by 
the Empire Council were unable to carry on their normal occupations due to this 
illness, and, apart from 170 housewives, at least two-thirds of this group failed to 
secure alternative employment within their physical competence. From Norwegian 
health insurance records covering 134,000 persons, it is evident that the annual 
number of days of work lost by incapacitation due to rheumatic diseases amounted 
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to 13.02% of the total lost on account of illness. More men than women per 1,000 
of employed persons were incapacitated by rheumatic diseases, but women were 
disabled for a mean of 47.8 days, against 36.2 days for men. One in 64 men and 1 
in 34 women were incapacitated for more than six nonths (Tellefsen). The annual 
frequency rate of absences from employment due to acute and chronic rheumatism 
per 1,000 workers in this country, averaged for the 10 years between 1941 and 
1950, was 4.5 for males and 4.3 for females. Only such absences were counted 
which were due to sickness and nonindustrial injuries and which disabled for eight 
consecutive calendar days or longer (Gafafer). The disabling cases of arthritis and 
rheumatism found in the Baltimore survey numbered &8 in males and 124 in females, 
the rates being 8.28 and 11.4 per 1,000 respectively. Of all cases of rheumatic fever 
and rheumatic heart disease reported from the same source 61.6% were disabling. 
Disability by annual days per 100 persons with arthritis was 88 for both sexes, 123 
for males, and 53 for females. In rheumatic fever and rheumatic heart disease this 
figure was for both sexes 75, for males 66, and for females 83 (Collins; Collins and 
others [d]). The mortality from rheumatic fever has been steadily declining. 
Among persons below the age of 25 covered by an industrial policy of the Metro- 
politan Life Insurance Company, it averaged 1.2 per 100,000 in 1946 to 1950, which 
is only half the rate recorded a decade earlier and less than one-fifth that recorded 
in 1911 and 1915. The beneficiaries of this change are chiefly persons under the 
age of 20, as the outlook for the older age group has not appreciably changed. 

The common occurrence, chronicity, and debilitating character of rheumatic 
diseases invite the most earnest consideration by all sponsors of public and individual 
hygiene. Professional education in this field has been manifestly inadequate, as 
medical schools rarely devote more than 12 hours of the undergraduate curriculum 
to formal teaching of the subject. Postgraduate training is a costly remedy. If it 
is to effect an understanding of clinical rheumatology, it should occupy 6 to 12 
consecutive months and should furnish both didactic and practical experience. The 
Arthritis and Rheumatism Foundation, a private agency, and the federal Institute 
of Arthritis and Metabolic Diseases, in Bethesda, have together awarded a total of 
about 50 clinical traineeships, but neither private nor public sources offer adequate 
financial support for appointment of teachers and provision of educational tools. 
The control of arthritis relies almost solely on incidental and vicarious facilities, 
affording means of prevention and of rehabilitation to fewer than a third of the 
patients who need them. 


FORM AND FUNCTION OF CONNECTIVE TISSUES 

Certain correlations between exposure to cold, ease of articular motion, and 
qualities of synovial fluid have been studied in experimental animals by Hunter, 
Kerr, and Whillans. For a given fall in skin temperature over the proximal inter- 
phalangeal joint there appears an equivalent reduction in the number of finger 
movements successfully performed. This decrement follows regardless of the area 
chilled, indicating that stiffness resulting from chilling has its origin at the inter- 
articular surface. For an equal fall in temperature, viscosity increases more with 
high than with a low concentration of mucin. In any one synovial fluid the increase 
in viscosity due to cold, therefore, denotes a higher requirement of muscular force, 
with a given speed of movement, to overcome the increased resistance to shear. 
Maintaining movement at maximum speed becomes difficult on exposure to cold, 
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and reduction in speed under this condition may be attributed to increased drag 
resulting from the altered physical qualities of the synovial fluid. The two sig- 
nificant and related effects of cold on joint movement were described as a loss of 
speed and a loss of potential muscular force preempted to overcome friction. Under 
temperature variations well within the limits of temperate zones the requirements 
in muscular force for the same performance may be increased by over 100%. 

In several fundamental studies Gardner has investigated the development and 
structure of articulations. Accordingly, the incongruous curves of all major diar- 
throses are essential to hydrodynamic lubrication. The articular cartilages are in 
contact during rest, but with the onset of movement there is transient friction until 
at a certain rate of motion hydrodynamic forces and counter pressures force the 
articular surfaces apart. They are then separated by synovial fluid, which absorbs 
friction so efficiently that even a very thin film may resist loads up to 900 lb. per 
square inch (62.8 kg. per square centimeter). Decrease in viscosity of synovial fluid, 
a common event in chronic synovitis, enhances friction and, therefore, wear and tear 
of the articular cartilages. Synovial “membrane” is a connective tissue comprised 
of cells and fibers embedded in ground substance. This matrix appears micro- 
scopically to be amorphous, and it stains metachromatically with dyes, such as 
toluidine blue. Various types of connective tissue differ in the arrangement of 
formed elements and in the relative ratios of fibers to cells, as well as in the chemical 
composition of the ground substance. The matrix contains mucopolysaccharides, 
which cannot as yet be distinguished reliably by microscopic methods. These muco- 
proteins are complex asymmetric long-chain compounds of high molecular weight, 
which form viscous sols or even gels. They are vulnerable to a variety of enzymes 
called hyaluronidases, or spreading factors. It is likely that some type of precursor, 
such as basic disaccharide, formed elsewhere, is brought to the connective tissue by 
the blood stream and there joined or polymerized into a more complex compound 
by connective tissue cells. Synovial tissue has a rich supply of blood vessels, with 
an extensive capillary system directly adjacent and exposed to the articular cavity 
so that vascular endothelium only separates the joint space from the circulatory 
apparatus. Synovial tissue can be re-formed after extirpation from underlying 
mesenchyme. The synovial fluid is in fact a liquid phase of the ground substance 
formed from the blood flowing through synovial vessels and passing after transuda- 
tion through the endothelial wall into the connective tissue ground substance, hence 
into the synovial space. The viscosity of synovial fluid is almost entirely due to the 
presence of mucin or hyaluronic acid, a mucopolysaccharide differing from epithelial 
mucins. Synovial fluid also contains a few cells which are derived from the lining 
tissue, mainly mononuclear cells. The presence of mucin cannot be accounted for by 
filtration of the fluid from the capillary system but probably represents a product of 
cellular activity by synoviocytes. The viscosity of hyaluronic acid depends on its 
degree of polymerization. Any of the enzymes which attack this compound first 
destroy the intermolecular linkages, causing a loss of viscosity without actually 
affecting the chemical structure. The ground substance of cartilage is a sulfate- 
containing mucopolysaccharide, chondroitin sulfate A, but no sulfate groups of any 
significant amount have ever been found in synovial fluid. Synovial fluid is also 
concerned with the transport of water, as mucin has a remarkable capacity for 
binding water. The embryonic development of joints is a rapid process. Even by 
the seventh week of intrauterine life, the anatomical arrangement of joints resembles 
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that of an adult. It is estimated that the total time from the first anlage to com- 
pletion of the organ with nerves, ligaments, muscles, and tendons may be no more 
than a few days. All constituents of the joint, such as ligaments, cartilage, tendons, 
and synovialis, develop in situ and in the same relative position which they will 
occupy in the adult. Development of joints proceeds from a relatively indifferent 
form directly to the characteristic genetically determined adult type, without philo- 
genetic recapitulation. The formation of an articular space does not begin until the 
initial articular form is well established, and even then, as in the case of small joints 
in hands and feet, it may be delayed till after birth. The evolution of this space, 
however, does not depend upon muscle action and apparently involves the break- 
down of connective tissue, perhaps by enzymes (Gardner). 

The interfibrillar substance of connective tissue may be considered a narrow 
mesh structure of protein molecules, which can be rendered less permeable to water 
by impregnation with molecular aggregates of hyaluronic acid. Presumably the 
removal of these aggregates by the enzyme hyaluronidase brings about increased 
permeability of the ground substance. A marked change of this type can occur 
without an apparent derangement of the formed elements (Day). Permeability of 
the synovial membrane to iodopyracet (Diodrast) given intra-articularly decreased 
in rats after the age of 1 to 2 months but remained constant thereafter. Ischemia due 
to shock, or senility of an animal caused the dye to be retained in the joint cavity, 
whereas permeability of the synovial membrane was increased after adrenalectomy 
(Moffett). The involvement of collagen in various rheumatic lesions has fostered 
biologic research into the derivation and physiochemical properties of this organized 
protein (Bowes and Moss). Vanamee and Porter have shown that collagen is 
soluble and can be reprecipitated by manipulation of physical and chemical factors 
alone. Gross, Highberger, and Schmitt recently reported the production of collagen 
fibers by the action of plasma mucoprotein on procollagen without participation of 
cells. 

It is evident that contemporary research in basic and clinical subjects has sub- 
stantially furthered the comprehension of rheumatogenic factors and of their sub- 
strate, connective tissue. Some of these investigations may soon find important 
applications in the treatment and control of rheumatic fever and of gouty arthritis. 
Others, without definite therapeutic relevance, have served to orient further study. 
Meanwhile, the medical management of incurable rheumatoid arthritis and of related 
diseases relies on measures of general support and secondary prevention. Although 
frequently successful, such a program has limited appeal to patients or doctors, 
principally because its execution is hampered by the lack of facilities for extended 
comprehensive care. If this deficiency were remedied by the development of 
resources latent in most communities, practitioners of medicine would accept the 
challenge to constructive work. 
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Case Reports 


SPOROTRICHOSIS SUCCESSFULLY TREATED WITH STILBAMIDINE 


E. RICHARD HARRELL, M.D. 
FLORANTE C. BOCOBO, M.D. 
AND 
ARTHUR C. CURTIS, M.D. 
ANN ARBOR, MICH. 


— JTRICHOSIS has been treated successfully with the iodides for many 
years. Nevertheless, there are occasional patients with this disease who are 
resistant to iodide therapy. The report of Elson ' in 1945 showing that Propamidine, 
one of the aromatic diamidines, exhibits in vitro antifungal activity opened up an 
entirely new group of chemotherapeutic agents in the treatment of the deep mycotic 
infections. One of the members of this diamidine group, stilbamidine (4,4’-stilbene- 
dicarboxyamidine ), is now being used extensively in the treatment of North Amer- 
ican blastomycosis * and has also been successfully used in actinomycosis.® Since 
sporotrichosis has apparently never been treated with stilbamidine, it was decided 
to determine the in vivo effect of this fungicidal agent. 


REPORT OF A CASE 

W. E., an 18-year-old white male farmer, was referred to the dermatology department of the 
University Hospital on June 26, 1953, because of an ulcer of the distal end of the left index 
finger of six weeks’ duration. The patient stated that the ulcer formed at the site of “needling” 
for a foreign body. When he was unsuccessful in obtaining “the splinter,” he consulted his 
local physician, who explored the tip of the index finger, again without finding a foreign body. 
He was given penicillin, oxytetracycline (Terramycin), and sulfonamides; however the ulcer 
which had formed at the site of the two explorations increased in size without showing evidence 
of healing. He was then referred to the University Hospital with the diagnosis of a “mycotic 
infection.” 

The examining dermatologist noted that the ulcer on the distal end of the left index finger 
exhibited no clinical evidence of secondary bacterial infection; however, he concluded that the 
lesion was not mycotic after several negative KOH preparations had been made. No cultures 
were taken on Sabouraud’s agar. 

The local application of neomycin ointment was prescribed. The patient returned 15 days 
later, at which time the ulcer had completely healed. Attention was then called by the patient 
to four painless subcutaneous erythematous nodules, extending up the left forearm in a linear 
arrangement. He stated that these nodular lesions had been present and gradually enlarging 
for two weeks. One of these nodules was incised and a few drops of purulent material obtained. 
Examinations of KOH preparations of the pus were negative for fungi. Sabouraud’s glucose agar 
cultures of this pus grew out pure cultures of Sporotrichum schenckii. 

The patient was given 150 mg. of stilbamidine dissolved in 250 cc. of sterile isotonic sodium 
chloride solution intravenously three times a week for two weeks. The total dose of stilbamidine 


From the Department of Dermatology and Syphilology, University of Michigan Hospital, 
Medical School, University of Michigan. 
*References 2, 3, and 4. 
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given was 0.9 gm. There was definite evidence of regression of all of the subcutaneous nodules 
by the end of the second week of treatment, and complete healing had occurred at one month 
from the time the treatment was completed. There has been neither evidence of recurrence 
of sporotrichosis nor of stilbamidine toxicity nine months following the completion of this 
treatment. 

COMMENT 

In vitro studies have shown that 1.0 mg. per milliliter of stilbamidine inhibits 
the growth of S. schenckii. Two other aromatic diamidines, Pentamidine and 
Propamidine, exhibit even greater in vitro action against this particular fungus, 
requiring only 0.001 mg. and 0.01 mg. per milliliter, respectively, to inhibit growth 
on Sabouraud’s agar. 

The beneficial therapeutic effect of the aromatic diamidines must be weighed 
against the possibility of toxic drug effects. Stilbamidine has been reported to cause 
an immediate nitritoid reaction, hepatic necrosis, and anesthesia to touch over one 
or all of the branches of the trigeminal nerve.t The anesthetic changes usually 
occur two to four months after the use of this drug and have been reported from 
total doses as small as 1.5 gm."? Our patient was effectively treated with the small 
total dose of 0.9 gm. of stilbamidine. Also, the utmost precautions were exercised 
to prevent toxic reactions by dissolving the drug immediately prior to its use and 
by avoiding exposure of the solution to ultraviolet light. 

The therapeutic effect of the stilbamidine therapy was clinically evident at two 
weeks from the time treatment was instituted, and healing was complete within six 
weeks. It is difficult to predict what the exact response would have been had a 
saturated solution of potassium iodide been used; however, sporotrichosis usually 
responds very slowly to iodide therapy. It seems quite possible that stilbamidine 


may cause a quicker regression of the mycotic lesions than the iodides. Nevertheless, 
we do not advocate that sporotrichosis be routinely treated with stilbamidine, but 
rather that this drug be reserved for further clinical trial and possible use in those 


patients resistant to the iodides. 
SUMMARY 

A case of the lymphagitic type of sporotrichosis successfully treated with 0.9 gm. 
of stilbamidine is reported. 
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News and Comment 


ANNOUNCEMENTS 


Fundamental Advances in Internal Medicine.—The University of Minnesota will 
present a continuation course in Fundamental Advances in Internal Medicine for Internists at 
the Center for Continuation Study Feb. 15 to 17, 1954. Basic concepts in the fields of infectious 
disease, gastroenterology, and hematology will be discussed. The faculty will include Dr. 
Walter Lincoln Palmer, Professor, Department of Medicine, University of Chicago School of 
Medicine, and Dr. David Shemin, Associate Professor, Department of Biochemistry, Columbia 
University College of Physicians and Surgeons, New York. Dr. Shemin will also present the 
annual Journal-Lancet Lecture on Feb. 16. The course will be presented under the direction 
of Dr. Cecil J. Watson, Professor and Head, Department of Medicine, and the remainder of 
the faculty will be made up of members of the University of Minnesota Medical School. 
Housing accommodations at the Center for Continuation Study will be available for physicians 
registering for the course. 


Western Society for Clinical Research.—The seventh annual meeting of the Western 
Society for Clinical Research will be held January 29 and 30, 1954, at Portland, Ore. 

Information regarding the meeting may be obtained from Herbert N. Hultgren, Secretary- 
Treasurer, Stanford Hospital, San Francisco 15. 


Second Acqui Rheumatology Prize.—An international competition for an unpublished 
work on rheumatic diseases has been organized by the Health Resort Office of Acqui (natural 
mud baths), under the auspices of the Italian Society of Rheumatology. The prize of the 
“Acqui” Rheumatology Award is 1,000,000 It. Lire. 

The period for the presentation of papers has been extended to Feb. 28, 1954. The competi- 
tors are asked to make short summaries of their submitted work in Italian, French, and English. 

The names of the members of the international adjudication committee will be made known 
after Feb. 28, 1954, the latest date for the presentation of papers for the competition. 

For full details, apply to the Azienda Autonoma della Stazione di Cura, Acqui, Piemonte, 
Italy. 





Books 


Hypersplenism and Surgery of the Spleen. By William Dameshek, M.D. and C. Stuart 
Welch, M.D. Second edition. Price, $10.00. Pp. 84, with 80 plates. Grune & Stratten, 
Inc., 381 4th Ave., New York 16, 1953. 


This book is an extension and elaboration of the material presented by Dameshek and Ester 
in “The Spleen and Hypersplenism” (1948). Like the earlier volume, this one consists of a 
series of graphic outlines of the chart-type format used by the authors in their presentation of 
the American Medical Association exhibit on this subject. Consequently, the material is pre- 
sented in outline form rather than in the style of a fully documented monograph or text. 

The authors briefly review the anatomy, histology, and physiology of the spleen, including 
in the latter a consideration of possible relationships of the spleen and bone marrow to the 
endocrine system. Hypersplenism is defined next, and the mechanisms of splenic hyperactivity 
are presented in brief outline form and followed by a series of presentations of data describing 
cases of splenic neutropenia, thrombocytopenia, anemia, and pancytopenia. In each case the 
authors present the data and their interpretation of the pathologic mechanisms involved. This is 
followed by the indications for splenectomy and an analysis of the authors’ results. Special 
sections are devoted to the hemolytic anemias, idiopathic thrombocytopenic purpura, the subject 
of splenomegaly, and myeloid metaplasia of the spleen. Diagnostic criteria for each of these 
conditions are outlined. There is brief mention of one technique of splenic puncture, and the 
subject of splenectomy is outlined briefly but comprehensively. Photographs and diagrams 
illustrate surgical techniques of splenectomy and of portocaval and splenorenal shunts. The 
latter procedures are presented in connection with the chapter on portal hypertension, which 
seems semewhat tangential to the primary subject of the book. 

In the outline form used here, discussion is hardly feasible. Perhaps for this reason many 
opinions appear to be stated as fact. This is apparent in the presentation of pathogenesis of 
hypersplenic syndromes, in which the authors support the theory of the humoral action of the 
spleen causing bone marrow inhibition and state that “Weight of Evidence Favors Marrow 
Inhibition by Spleen.” The concept of splenic sequestration and phagacytosis is accepted as it 
applies to erythrocytes but discarded as without evidence as it applies to granulocytes and 
thrombocytes. This, too, still is a matter of opinion but is presented as established fact. 

This book is a comprehensive outline rather than a text, and as such can hardly be recom- 
mended for the student or practitioner who does not have a reasonably good acquaintanceship 
with the concepts and subject matter here presented. It provides an excellent review for the 
internist and seems ideally suited to the surgeon who is called upon to embark on splenic surgery 
and requires such a comprehensive but brief review of the “background” of the subject. 


Fundamentals of Clinical Cancer, with Emphasis on Early Diagnosis and Treatment. 
By Leonard B. Goldman, M.D. Price, $8.75. Pp. 312, with illustrations. Grune & Stratton, 
Inc., 381 4th Ave., New York 16, 1953. 


This book is particularly an elementary reference book on the diagnosis of cancer. It con- 
tains a large number of very good photographs of cancer in various parts of the body and 
describes briefly current thinking, diagnosis, and treatment. At the end of each chapter is a 
suitable group of references to which the reader may refer. 

Its value to the well-rounded clinician or surgeon would be very limited. The younger 
practitioner might find it of some help. 
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overcomes stasis 


**_, the best bile salt to use . . . would be the one that produced 
the most copious flow of secretion from the liver. .. . In short, 
hydrocholeresis would be advantageous, if achievable. 


“It is. The preparation, dehydrocholic acid, commercially 
available as Decholin . . . does considerably increase the volume 
output of a bile of relatively high water. content and low 
viscosity. The drug is not a cholagogue, i.e., it does not promote 
evacuation of the gallbladder, but it is a good ‘flusher’.””* 


dehydrocholic acid, Ames 


Hydrocholeresis with Decholin produces abundant, 
thin, free-flowing bile—‘therapeutic bile.” This 
flushes thickened bile, mucus plugs and debris 
from the biliary tract. 

Decholin Tablets, 3% gr. (0.25 Gm.), bottles of 100, 500, 1000 
and 5000. 

Decholin Sodium (sodium dehydrocholate, Ames) 20% aque- 
ous solution, ampuls of 3 cc., 5 cc., and 10 ce 


*Beckman, H.: Pharmacology in Clinical Practice, 
Philadelphia, W. B. Saunders Company, 1952, p. 361. 
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After Methium: Cardio-thoracic ratio 49%, 
blood pressure 160/100 mm. Hg. This patient 
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Functional improvement from stabilized, 
lower blood pressure 


In the first few months of therapy, over 80 per 
cent of the patients treated with oral hexameth- 
onium have had gradual reduction in mean 
blood pressure of 20 mm. Hg or more.?:? With 
continued treatment, up to or beyond a year, 
this reduction can often be maintained with no 
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As blood pressure is reduced, and in some cases 
even without reduction, hypertension symp- 
toms have regressed. Retinopathy may disap- 
pear, headache, cardiac failure and kidney 
function may improve. 


Methium, a potent autonomic ganglionic block- 
ing agent, reduces blood pressure by interrupting 
nerve impulses responsible for vasoconstriction. 
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function, coronary artery disease and existing or 
threatened cerebral vascular accidents. 
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THE PATIENT REPORTS 
progressive relief of 
hypertensive symptoms 
if present. 


YOU OBSERVE 
benefits in up to 80% of cases: 
e.g., hypertension gradually 
reduced, renal circulation 
improved, eye-ground changes 
may be reversed. 


THE LITERATURE REPORTS 
therapy is generally well 
tolerated with initial 

low dosages, gradually 
increased.”** Patient 
response is the guide to 
dosage adjustment.‘ Optimal 
maintenance dosage level 
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after 3 weeks or more; 
marked therapeutic effect 
cannot be expected with 
initial low dosages.‘ 
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